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Revere Outdoor Lighting Report 


Lighting a church exterior 


The Problem: To provide distinctive, 
dramatic lighting for a church exterior. 
Fixtures must have wide, even light patterns 
and must be attached to the building itself. 


The Solution: Revere No. 3151-A 

Underneath Floodlights were selected for 

their wide, flat light pattern. Because they 

are attached directly to the building, elim- 

inating overhead arms, these underneath 

light fixtures are unobtrusive and blend in Underneath Floodlight 
with architectural lines of the building. They 

are completely weather-tight. 





The Probiem: To highlight the front of 
an automobile showroom exterior, showing 
to best advantage the face of the building and 
its distinctive identification 


The Solution: A continuous line of 
Revere Fluoresign luminaires were installed 
at cornice height, running the entire length 
of the surface to be lighted. The integral 
luminaires have an adjustable feature which 
permits accurate placement of light for 
smooth, even lighting. Enough spill light No. 8600 


= ne tat Fluoresign Luminaire 
occurs on sidewalk for inviting atmosphere. 9 





Lighting a service station 


The Problem: To put an extremely 
high level of light on a service station's pump 
islands and service areas. Station must be 
unusually attractive to meet competition. 
The Solution: Two Revere No. 7420 
luminaires with 1000-watt color-improved 
lamps are mounted at a 14-foot height on each 


prama‘We T bow island. These provide a maintained average 
iit of 60 footcandles in the service area. 
Eliptor floodlights illuminate perimeter. High 


No. 7420 
level of illumination has greatly improved Mercury Floodlight 
station s competitive position. 
Write for Revere’s complete catalog of outdoor lighting equipment. 


OUTDOOR LIGHTING 


Revere Electric Mfg. Co. © 7420 Lehigh Avenue © Chicago 48, Illinois (In suburban Niles) 
Long Distance Phone: Niles 7-6060 ¢ Chicago Phone: SPring 4-1200 ¢ Telegrams: WUX Niles 


In Canada: Curtis Lighting, Ltd., Leaside, Toronto, Ontario 
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How a special 


Curtis Lighting 


system saved 
Reynolds Metals 
$50,000... 





Unique all-aluminum folding grids in 


units cut installation time 8,000 man hours 
provided wall-to-wall i/lumination with low 
brightness quality 


Installing a lighting system so flexible it can adapt to any internal 
building change without relocation is quite a feat. But when 
that is accomplished at important savings it calls for exceptional 
engineering ingenuity. That’s what Curtis Visioneers achieved 
with a special custom-made aluminum folding grid system 
at Reynolds Metals Company, Richmond, Va. The unique 
folding “packages” made it possible to install 100 sq. ft. of 
lighting at one time. Result: a saving to Reynolds of an estimated 
8,000 man hours, or approximately $50,000. A wall-to-wall 
ceiling of light was created with a beautiful satiny aluminum 
lighting tone of low brightness quality. Over-all ceiling illumina 
tion solved the problem of how to obtain stationary lighting for 
a 100,000 sq. ft. area, even though wall partitions would be 
moved in the future. Write today for the name and address of the 
representative in the principal city nearest you. Curtis-All Brite 
Lighting, Inc. Chicago, 6135 W. 65th StfSouth San Francisco 


$52 Shaw Road. 





- 


Here is the new home of Reynolds Metals Company, Richmond, Va. It is dra- 
matically placed at the end of a reflecting pool bordered by willow oaks. The 
classic beauty of the building is enhanced by this unusual setting. Architect: 
Skidmore, Owings & Merrill; Consulting Engineer: Ebasco Services, Inc. 


»* 





Large office areas are a ectively illuminated as small areas with a high de- 
gree of visual comfort assur n this special Curtis grid installation, aluminum 
materials were used throughout. Maintenance features of the system include 


ease of relamping, ready access to wiring, simple replacement of ballasts. 
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Young Ladies Appear in a Good Light Here 
...thanks to LITECONTROL 


Y< never had lighting like this when you went to 
school. Nor did the premises shown above until recently 
when Litecontrol 6628-HO fixtures replaced an incan- 
lescent installation and raised the footcandle level 
greatly 

The fixtures are hung from steel beams across this 
modern gym. The “HO” (High Output) Lamps produce 
almost half again as much light as the previous lamps of 
the same length 7500 lumens against 5100 lumens 
Call it a 47 percent light increase and that’s good 
Equally, if not more important, 1s the even dispersion ot 

light chroughout 

Lighting 


econtrol equipment ts specified on any commercial 


SCENT LIGHTING 


ippear in a good light, too, when star lard 


INSTALLATION: 

Bouvé-Boston School (affiliated with Tufts University), Medford, 
Massachusetts 

AREA SHOWN: 

Gymnasium 

ELECTRICAL CONTRACTOR: 

Warren H. Bennett, Inc., Medford, Massachusetts 

DISTRIBUTOR 

Westinghouse Electric Supply Company, Boston, Massachusetts 
FIXTURES 

Litecontrol #6628-HO Pendant baffle fixtures, using F96T12 CW 
HO High Output Cool White lamps. 

SPACING. 7’-0” on centers 

CEILING HEIGHT: 28’-0” 

MOUNTING HEIGHT: 24'-0” 

INTENSITY: Average, 55 footcandles in service 


LITECON TIROIL 
CALMED 


KEEP UPKEEP DOWN 
LITECONTROL CORPORATION, 


36 Pleasant Street, Watertown 72, Massachusetts 


EQUIPMENT DISTRIBUTED ONLY THROUGH ac REDITED WHOLESALERS 


ILLUMINATING ENGINEERING 








The Effect of 
Specular Reflection on Visibility 


AUGUST 


1959 


Mom: VISUAL tasks are seen by reflected light; very few are selt 


luminous, The reflected light may cause a task to be barely visible or easily vis 
ible. Some objects are more difficult to see than others. Why? What determines 
the visibility of an object? We do not have all the answers, but we do know that 
the spatial distribution of the reflected light certainly has a great deal to do with 
the answer to the question The reflected light flux that causes the object to be 
visible originates in light sources that are disposed in space around the object 
while the observer views the object from a particular location. Thus, the geometry 
of the system which relates all of the dicections, distances and dimensions is an 
important factor. Other parameters are the physical characteristics of the ob 
ject, the directional intensity of the initial sources, and the psychophysical sensi 
tivity of the observer. These papers will attempt to show some of the relationships 
among the first two groups of variables which relate to directional reflections 

There have been numerous prior researches in the general field of specular 
reflections and glare (see references 1-6, Finch paper). These have been helpful 
in pointing up the problem and have added much useful information to the field 
It has been observed many times previously that specular reflections can greatly 
alter the contrast of a visual task. But, there had yet to be developed a method of 
quantitatively evaluating the change in contrast caused by various lighting sys 
tems. Such quantitative procedures are reported herein and verified by physical 
measurements of contrast and subjective measurements of contrast through sub 
jective measurements of visibility 

In 1955 Chorlton and Davidson carried out experiments in a grade school 
classroom to determine if specular reflections at the task were significant. The 
tests showed an appreciable loss in contrast due to specular reflections. As a 
result, Finch of the University of California, Berkeley, Calif., was commissioned 
by the Illuminating Engineering Research Institute, New York, to make a similar 
study using 30 footeandles and also higher footcandle levels. Chorlton and 
Davidson repeated their work up to 70 footeandles. The initial studies in Toronto 
indicated that visibility changes did occur under various lighting systems. Specu 
lar reflections were shown to be deleterious but the variations in visibility had to 
be identified with physical changes before the results could be fully accepted. The 
obvious thing to do was to determine the changes in brightness that occurred 
when the lighting was changed, so that the actual contrast could be obtained 
These measurements are easy to describe, but difficult to make. Some data are 
now available and are described in the paper by Finch beginning on the following 
page. The subjective contrast or visibility measurements are described in the 
second paper by Chorlton and Davidson, beginning on page 482. The work on 
the physical measurements was done at the University of California, Berkeley 
The field visibility measurements were made principally in the schools in Toronto, 
Ont., with some check tests made in California 

Isaac Goodbar, consulting engineer and mathematician, New York, N. Y., as 
an TERI research project, developed a graphical method for computing the task 
-ontrast in a given lighting situation from physical measurements. This is pre 


sented beginning on page 489 
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Part |—Physical Measurements for the 


Determination of Brightness and Contrast 


( aici in visibility oecur when visual 


tasks are viewed under various lighting conditions 
even though the illumination at the task may be 
onstant. These changes in visibility are related to 
the change in the brightness patterns of the detail 
and background and the contrasts that result. We 
shall attempt to define more precisely the parame 


ters that are involved in the contrast changes 


Sibin ple | sual Tasks 


The materials tested include typical schoolroon 
samples of printed ink material on matte type pa 
. printed ink on coated book stock 


! Sample A-2 


Sample A-1) and boy’s handwriting samples using 
on a ruled foolseap paper (Sample 8-1] 
22, 23 and 24 
ial tasks were first observed and visually 
under several typical lighting systems 
Brightness data were then taken on 
permit the actual contrast to be cal 
each lighting system The physical 
easurements on the task involved the 
crophotometer to determine the bright 
i small area approximately 0.015 inch in 
diameter for various viewing and incidence angles 
known levels of illumination. After such meas 
s were made, Brightness Factors (see later 
section) were computed which permit the actual 
brightness of a task to be determined for any light 


ng svstem 


The Lighting Sustem 


\ typical schoolroom lighting system was set up 
n a laboratory room at the University of Califor 


nia, Riv 


hmond Field Station. The room selected was 


f California, Berkele 


' neerit 


omm ittes and 


Determination of Brightness and Contrast 


By D. M. FINCH 


approximately 25 by 30 feet with a ceiling 9 to 14 
feet high 
roof. The lighting units were attached to the bot 


Open wooden trusses supported a hipped 


tom chord of the roof trusses 9 feet above the floor 
See Fig. 2. The ceiling and roof trusses were 
painted white at approximately 65 per cent reflec 
tance. The walls above bench height were pale 
green at 60 per cent reflectance and the floor was 
brown linoleum, 20 per cent reflectance 

lighting 


The lighting consisted of fluorescent 


Spec ular (huorescent SaurCe 


seneral L ghting 15 to 130 ft-c 
(total including speculor ) 


Figure |. Schematic diagram of test set-up. The specu- 
lar source consisted of four 40-watt T12 rapid-start 
white fluorescent lamps up to and including 3000 fL; 
two lamps per side. About 6, 18 or 48 inches of 
tube length were visible, the remainder of tube length 
masked. At 3000 f{L, specular source produced 5 to 22 
footeandles at the task (depending upon length of ex- 
posed source). Luminaires were equipped with top re- 
flector plates for 40- to 130-footcandle levels and were 
without top reflector plates for the 15- to 30-footcandle 
levels. Above 3000 fL, an incandescent floodlamp was 
substituted for the fluorescent source. The incandescent 
specular source was masked to 1'4-inch diameter open- 
ing and contributed up to 11 footeandles on the task. 
The incandescent source was placed in line with the 
fluorescent specular source and at the same orientation. 
The fluorescent specular source was turned off for the 
measurements above 3000 fL. 
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Figure 2. Experimental room set-up. General arrange- 
ment at University of California, Berkeley. Spectra 


microphotometer measuring task brigitness. 


units arranged in three longitudinal lines on 7-foot 
Each unit had four 96T12, 8-foot 


fluorescent lamps and was provided with plastic 


3-inch centers 


side panels and louver bottom baffles to give ap 


proximately 30-degree shielding 


The Test Location 


The samples were located on a desk in the center 
of the room directly under the center row of light 
ing units. The observer's line of sight was at 25 
degrees to the normal (115 degrees to the reference 
direction in the plane of the task). The brightness 
measuring instruments were placed at the location 
of the observer’s head in such a manner that a 
minimum of shielding occurred insofar as the light 


None of 


the light in the specular zone nor from the front 


on the sample was concerned. See Fig. 3 


and side was shielded. The setup was typical of all 
lighting systems in which an actual observer looks 


sample material 


Phusical Brightness Measurements 


Qin the Test Samples 


In order to evaluate the changes in contrast that 
occur under different lighting conditions, an ar 
rangement was set up so that the actual brightness 
of the printed material and penciled lines and their 
backgrounds could be obtained by physical means 
Two instruments were used as microphotometers as 


4 and 5. The 


goniometer mounting stand for the test sample, de 


shown in the photographs in Figs 
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Figure 3. Experimental room. Measuring instruments 


at location of observer's head showing minimum 


shielding. 


signed to be as nearly universal as practical for the 


viewing and incident angles, is shown in Fig. 5 


N pe ctra Microphotome ler 


One of the microphotometers was a modified 


Spectra Model TT1 Brightness Meter,'* made by the 


Photo Research Corporation, which was capable of 
measuring small areas down to 0.015-inch in diam 
eter, at 1.6 inches ahead of the objective lens which 
was closed to an aperture 14-inch in diameter. The 
outside dimensions of the instrument somewhat 
limited the angles of incidence and viewing that 
were possible but this was not serious because all of 
the angles that are normally used in reading and 


writing were available. The initial Spectra Meter 


Figure 4, Spectra microphotometer set-up used to meas- 
ure task brightness factors in experimental room, 
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Figure 5. U, C. microphotometer on goniometer stand. 


employed a split-field optical system in which a 


partial mirror operated in conjunction with the 
photocell 


noted that polarization affected the brightness read- 


After preliminary measurements it was 
ings and that there was the possibility that the 
measurements at certain angles of incidence and 
viewing were reduced (or enhanced) by the polar 
ized component in the light. The instrument and 
the optics have been redesigned so that the polar 


ization effect is now eliminated 


hy Vicrophotometer 


While the 


ing on the re-design of the Spectra microphotome- 


Photo Research Corporation was work 


ter to eliminate the polarization effect, a non-polar 
izing microphotometer was constructed at the Uni- 
versity of California which would permit measure 
ments to be made within a wider range incidenc: 
and viewing angles. The dev sloped device is shown 
in the photograph of Fig. 5. This instrument has 
a small acceptance angle of approximately 2 degrees 
which corresponds closely to the total acceptance 
Also the in 


cident light souree can be brought close to the line 


angle of the eye at reading distances 


of observation so that a wide range of angles can 
be covered 

The sensitivity of both meters is adequate to 
measure the blackest ink that has been found and 


will measure the whitest paper that is used 
Brightness Measurements 


The initial brightness measurements were made 


on the samples used for the visibility studies under 
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the identical lighting conditions that were employed 
for the visibility meter evaluations. In this way, 
the photometric brightness of the ink and pencil 
and the paper background was determined for the 
composite lighting arrangements that were used. 
With the measurements thus obtained the actual 
contrast for each lighting condition was calculated 
and the change in contrast from one lighting con- 
dition to another was determined. The data are 
reported in the section on ‘‘ Results.’’ 

In addition to the above brightness readings the 
samples were measured to obtain their Brightness 
The light 


source was located at various angles of incidence 


Factors'''* using a point light source. 


while the observation angle was held constant at 25 
degrees to the normal (115 degrees to the 0-degree 
reference in the plane of the task 


Brightness Factors and Their Use 


The general concept of the directional reflectance 
of materials needs further discussion. This discus- 
sion will be limited to ordinary surfaces that are 
intermediate between perfectly diffuse and smooth 
plane mirrors. The smooth mirror is a special case 
that is not usually encountered but can be handled 
by the laws of specular reflection. Consider a semi- 
diffuse surface that is illuminated by a specific 
source and is observed to have a known brightness 
in a particular direction. The brightness must be 
measured using a small solid angle similar to that 
of the observer. If the ratio of the brightness to the 
illumination is taken a factor can be determined 
that is a characteristic of the material for these par- 
ticular conditions. This quantity is defined as the 
Brightness Factor for the specific angle of observa- 
tion and location and size of incident light source 
Then the Illumination normal to the surface may 
be multiplied by the Brightness Factor to obtain 
the Brightness in the particular direction. Every 


non-mirror surface will have its own particular 


Viewing Angle 
9 Ang wengies of 


g/t source position 
5 . 
al x 


11/5 1 25*to norma 


Vertical! Angles degrees 


Figure 6. Background: Sample A-1 (coated book stock). 
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characteristic pattern of brightness factor, depend- 
ing upon the material, texture, spectral absorptance 
and reflectance, and other intangible qualities usu- 
ally referred to as sheen or gloss. 

The Brightness Factor is defined by the equation : 


‘ 


Brightness = Illumination * Brightness Factor 


If the illumination is in footeandles normal to 


Nor mo/ 
90° 
— 
viewing Angle ad Vertco/ angles of 
/ 
of 15°25" to norme!) sgh? sourceposihon 
a2 \ 30° 





+ > rt 
--O°* Azimuth 








(5° Azimuth 


Brightness Factor 


4 i + ‘ 
r-13S* Azimuth 








—_ 
C 


Vertical Angles- degrees 


Figure 7. Ink: Sample A-1 (coated book stock). 
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viewing Angle ‘$ Vertica/ angles of 
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ot 1/5* (25% to normel 
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S*Azimuth 
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S 

~~ 

m 

a 
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<= 
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. 

* a) < 


35° Azimuth 
+ ; 


Vertical Angles 


Figure 9. Ink: Sample A-2 (matte book stock). 


Letter Measurements 
t of Measurements 


Jegrees 


ll. Pencil (Letter No. 1): Sample 8-11 (boy's 
handwriting). 
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the surface, the brightness will be in footlamberts 
if the curves of this paper are used. The curves of 
Figs. 6-21 have been obtained by taking the ratio: 
Brightness (fL) 
—— = Brightness Factor 
Illumination (fc) 
As the angle of incidence changes, the brightness 
of the background and/or the object on the back- 


Norma 
° 


— 
Vertica/ angles of 
ght source postion 
25 \n ° 
» \ 30 


Viewing Angie 
ot 1/5°(25°%to norma!) 





Brightness Factor 


Vertical Angles — degree 
Figure 8. Background: Sample A-2 (matte book stock). 


Norma. 
e0° 
= 
Vertica/ angles ot 
Ligh source position 
r= \- 30 


é 
Vertical Angles 1egree 
Figure 10. Background: Sample 8-11 (boy's handwrit- 
ing). 
Norma / 
90° 
~~ 
Vernco/ angles of 


Letter Mecsurements 
- nt , 5*/25 ight source position 
wat of Measurements ~ . 30° 


- 40 0 
Vertical Angles — degrees 
Figure 12. Pencil (Letter No. 2): Sample 8-11 (hoy’s 
handwriting). 
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Brightness Factor 


ver 


Figure 13. Letter: Sample 8-11 


(boy's handwriting in pencil). 


ground may change extensively. The photographs 


in Figs, 22-24 show what happens to the contrast 
of ink printing and to pencil line work when the 
angles of incidence are changed. These changes are 
so Important that they need to be studied in great 
detail. It is quite possible for the contrast to change 
from negative to positive on some materials becauss 


Also. over 


, 


of reflected light from the specular zon 
a wide range of angles, the brightness of the obj 


may be approximately equal to its background, 
which reduces the contrast to close to threshold 
Refer to Figs. 10-13 for Sample 8-11 which indi 
cates the above effect 

The ratio of total reflected to total incident flux 


is the conventional ‘‘reflectance’’ of the material 


This *‘reflectance’’ is another characteristic of the 
material and has significance in many problems 
hut the **reflectance’’ cannot be used to obtain the 
brightness in a particular direction except under 


the special conditions of perfect diffusion or plane 


Figure 16. Letter: Sample 4 (foun- 


tain pen on white bond). 
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o/ Angles - degrees 


Figure 14. Letter: Sample 2 (typed 
original, IBM typewriter on white 
bond). 


Figure 17. Background: Sample 4 
(fountain pen on white bond). 


rem ewe’ 
our 
2 serme 


—-—_—_— 


Letter Measurements 
Pout of MOIS OMOOTS af 


Brightness Factor 


“i3oras <90%ar 4 60*Az 
, = 
x & 0 a 50 
Vertical Angles - degrees 





Figure 15. Letter: Sample 3 (typed 
fourth copy, IBM typewriter on 
white bond, good carbon). 


] 


surfaced mirrors. The details in a seeing task are 


usually either semi-diffused or semi-specular and 


they are always viewed from a particular direction 


and they are generally lighted from a series of spe- 
cific directions or from an area source having a 
range of direction angles. Therefore, if the bright- 
ness of the task is to be determined as it appears to 
an observer, it is necessary to have data on the 
directional reflectance characteristics of the task 


for various angles of incidence of the light 


Test Results and Discussion 


These tests disclose the fact that the specific ar- 
rangement of luminaires used to produce the illu 
mination was important because change in contrast 
It was noted that when the physical 


contrasts of a task under two different lighting 


also Oe urred 


systems were equal, the Visibility Indices were also 
equal. This important conclusion was the basis for 


later work on physical contrast measurement 


Letter Measurements 
wnt of MeasuTeMeMts S 


Brightness Factor 


ingles degrees 


Figure 18, Letter: Sample | (typi- 
eal Verifax). 


Finch ILLUMINATING ENGINEERING 





vewng amen — 
ous” af 
23° cormet) Ogg | Verewelengam 
Ge merce poe ae 
\~” 





Background Measurements 





Brightness Factor 


-— . - 


Lefter Measurements | 
Pout of Mecsurements-—{ | 


Norma 


veo ange 1 90° 


23° sormet) Yow a ange of 


| 9h mowrer penne 
~~ 





_\| 
iY 





pra 


(OM sme ¢5°A2 \ SOAs 


Brightness Foctor 

















Figure 19. Background: Sample | 


Oo Oo 3 ‘90 0 
Vertical Angles - degrees 
Figure 20. 


(typical Verifax). (Ozalid print, 


Results of Brightness Measurements 


Following the development of the above basic 
conclusion it was decided to attempt to verify the 
idea by making specific brightness and contrast 
measurements on all of the sample tasks under all 
of the light conditions that prevailed. Therefore, 
the brightness of each task and its background was 


1) the 


2) the specular lighting 


measured using the microphotometer with: 
general lighting only, 

with either 48-, 18- or 
1! .-ineh 
a source over the right shoulder of the 
these The 


6-inch long fluorescent 


sources, or a diameter incandescent 
source, (3 
observer, and (4) combinations of 
Brightness Factors and the corresponding contrasts 
are given in Table I 

The data in Table I show that the contrast for 
Sample A-1 varied from 88 per cent to 31 per cent 
for the lighting conditions used while the contrast 


for Sample 8-11 changed from 43 per cent to 9 per 


60 50 40 
Vertical Anges - degrees 
Letter: 

gray 


a 70 6 530 4 x 20 

Vertical Angles - degrees 
Figure 21. Background: Sample 5 
(Ozalid print, gray background). 


Sample 5 
background). 


cent. These are quite remarkable changes and begin 
to account for variations in the observed visibility 
under different lighting conditions 


It is now certain that the light distribution is im 


portant in developing contrast and can hardly be 


overemphasized. Under actual lighting conditions 
the effects of light distribution are dramatically 
shown in the photographs of Figs. 22 to 24. How 
ever, it is very desirable to have a calculation pro 
cedure that will permit the contrast to be pred 
termined in the design stage before the construction 
and installation of the lighting system 

The calculations for contrast for any lighting sys 
tem can be made if the Brightness Factors for each 
task have been evaluated. Figures 6 to 21 show the 
results of such measurements on Samples A-1, A-2 
and 8-11. To use these data one must consider how 
each individual lighting element contributes to the 


total brightness of the task. The components of 


TABLE I — Measured Brightness Factors and Contrast Using Spectra Microphotometer, 


Sample A-! (Coated 
Book Stock) 


Brightness 
Factor 


Condition Paper 


Back light only incandescent light ver right 
shoulder, back 30 inches, to the right 30 
inches from task (6 fe) 

General lighting plus back lighting 
total) 

General lighting only three rows of 2-lamp 
fluorescent, all on except one 4-foot unit at 
the glare angle 10 fe) 

General lighting plus two 48-inch fluorescents 
with centers at glare angle (30 fc) 


‘ 


Two 48-inch fluorescents with centers at glare 
angle, left lamp lined up for maximum 
brightness factor (11 fc) 

One 48-inch fluorescent wit! enter at glare 
angle (5.5 fe 

One 18-inch fluorescent with center at glare 
angle 

1%-inch diameter incandescent at glare anxyk 


25 degrees 6 fe) 
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Determination of Brightness and Contrast 


Sample 8-11 (Boy's 
Pencil Handwriting 
Brightness 
Factor 
Contrast 
(Measured) 


Contrast Contrast 
(Measured) (Calculated) Pencil Paper 


Finch 





Figure 22. Sample A-1l, coated book 
stock, (a) 90 degrees incident light, 
115-degree viewing angle. (0 degrees 
reference in plane of paper.) (b) 65 
degrees incident light (specular an- 
gle), 115-degree viewing angle. (c) 40 
degrees incident light, 115-degree 
viewing angle. (d) 5 degrees incident 
light, 115-degree viewing angle. 


brightness are directly additive. Each individual will eliminate all of the Brightness Factors between 
effect is then added to the others to get the total 58 degrees to 82 degrees on the curves of Figs. 6 
brightness as seen by the observer and 7 and will make it possible to use average 

For example, we can now compute the contrast Brightness Factor for the remaining direction as 
of Sample A-l, printed ink on coated book stock follows 
for several lighting systems each providing 30 foot- 
candles illumination B.F. background 0.95 (average 

The first lighting arrangement could consist of B.F. ink 0.25 (average 
the three rows of fluorescent luminaires providing 0.95—0.25 
direct lighting plus indirect light from the ceiling So; Contrast . 74 or 74 per cent (1 
One 48-inch luminaire at the angle of specular re ass General Lighting Only 

could be omitted. This would be the case Compared to 78 per cent measured 
eral lighting only without specular reflection 

from the eritical zone. Fortunately, the calculations Similar caleulations were made to determine val- 

simplified for Sample A-1 because the omission ues indicated in Table I 


of the one 48-inch luminaire at the specular angk For the condition of general lighting plus two 


eportin eportin 


Figure 23. Sample A-2, matte book 
stock, (a) 90 degrees incident light. 
L15-degree viewing angle. (0 degrees 
reference in plane of paper.) (b) 65 
degrees incident light (specular an- 
gle), 115-degree viewing angle. (c) 40 
degrees incident § light, 115-degree 


viewing angle. (d) 5 degrees incident 


light, 115.degree viewing angle. S p O * o 
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48-inch fluorescent lamps at the angle of specular 
reflection the caleulation of contrast would be: 


Contrast of Sample A-! 
Ilumi- B.F Brightness 


Source nation Paper Ink Paper Ink 


General Lighting 19 f 0.95 25 19. Of! 4.7 


2 48-inch Fluorescent Lamy 11 


fl 


it specular angle 


30.7 
So: Contrast 63 percent 
30.7 
General lighting plus 
2 48-inch fluorescent lamps 
at specular angle. 
(Compared to 66 per cent measured 


The caleulated values are in general agreement 
with the measured values although the caleulated 
values are slightly low for all conditions. The aver 
aging procedures are probably inaccurate to the 
degree indicated by the difference between meas 
ured and caleulated values. These checks provide 
a basis for confidence in the caleulation procedure 

Now, assume that the illumination is increased 
by adding more lighting units in a room. Tow 
would the contrast change for Sample A-1 (coated 
book stock) ? 

Assume that the brightness due to specular re 
flection remains constant from two 48-inch fluores 
cent lamps at the angle of specular reflection and 
that the additional fluorescent lamps are all at 
2000 fL brightness. The viewing angle is assumed 
to be 25 degrees to the normal (115 degrees in Figs. 
6 and 7). The ecaleulations will give the following 
data: 
Illumination (fe) Contrast (per cent 
11 (2 48-inch fluorescent lamps) 42 
15 (2 48-inch fluorescent lamps 51 

plus additional lamps 
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Figure 24, Sample 8-11, boy’s pencil 
handwriting. (a) 90 degrees incident 
light, 115-degree viewing angle. (b) 
65 degrees incident light (specular 
angle), 115-degree viewing angle. (c) 
40 degrees incident light, 115-degree 
viewing angle, (d) 5 degrees incident 
light, 115-degree viewing angle. 


Illumination (fe Contrast (per cent 


30 67 
40) 70 
sO 76 
120 77 
The technique for making contrast caleulations is 
outlined. Some of the basic data necessary for cal 
culating the change of contrast are given. It should 


be possible for a lighting specialist to consider such 


material and to arrive at a reasonable lighting de 
sign which will insure that a preselected loss in 


contrast will not be exceeded 
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The Effect of 
Specular Reflection on Visibility 


ING Eve 
> Y 
Ne 


Part II—Field Measurements 
Of Loss of Contrast 


stUpIES have been conducted over 


F nso 

eriod of years commencing in 1955 by the au 

er to determine if specular reflections 

ind printed visual tasks resulted in a 

measurable loss in contrast and consequent loss in 


visibility 


Studies 


Kas iw? 


The earlier experimental work' was carried out 
on the assumption that the effect of specular reflec 
visibility of the task was primarily a 
the light 


ev lossiness of the task 


tions on the 


function of the brightness of source at 
the mirror angle and of the 
As a result 
that if a mirror replaced the task, the observer 


would see part of one of the lamps at the location 


the task was located at such a position 


that was to be 


The loss of contrast was determined 


of the letter used for the visibility 


measurement 
eral lamp brightnesses but only the lamps 
ninaire at the glare position was changed 

in lamp brightness was obtained by 
ballasts that provided 200, 300 or 430 milli 
The 


loss of 


lamp current experimental results 


plotted as per cent contrast against 

brightness 

rther experimental work indicated that it was 
brightness of the glare source that was the 

ion but rather the proportion of the total flux 

direction of the 


The 


bright ness of 


task that was incident in the 


‘angle to the angle of view of the task 


method, that is, changing the 


mps in the one luminaire only, showed slightly 
r losses than would have been obtained if all 


had bee 


ts are therefore referred to the lighting system 


the room n changed. Current 


and Curtis Lighting 
ed by the I 


Approved hy the 


iminating 


{ T 


stees 


Field Measurements of Loss of Contrast 


By J. M. CHORLTON 
H. F. DAVIDSON 


or geometry rather than the lamp brightness, be 
cause under any given condition all of the lamps 


in the room were at the same brightness 


Visual Tasks 

The pencil tasks were selected as typical from a 
large number of samples of children’s handwriting 
All of the pencil tasks 
pencils on ruled matte 
diffuse 


collected from grade schools 


+) 
—_ 


were written with HB 


white paper which had a reflectance of 
77 per cent. The pencil tasks are designated in the 
tables and photographs as 8-3, 8-5, 8-11, 6-2, 6-9 


N.J 


Two printed tasks are designated in 


and 
the tables 
and photographs as A-1 and A-2 and were identical 
They were printed with the 


A-l 


which was quite 


except for the paper 
the 
‘coated book stock”’ 
glossy and A-2 printed on a matte white paper, 
‘offset book stock.’” The diffuse reflectance of the 
A-1 paper was 84 per cent; that of the A-2 paper 


same ink on same machine with being 


printed on a * 


was 88 per cent. A third printed task is designated 
as LM and was 8-point Bodoni book type on a good 
white matte paper 

In each of the tasks, a lower case letter ‘‘e’” was 
selected as the object of regard to be used in the 
The the 


test letter was located was circled so that the 


Fig. 1 


visibility measurements word in which 
same 
letter in each task was always used. (See 


a, b. e. d 
Veter 
A Cottrell Contrast-Brightness Threshold Meter 


the 


The construction of this meter 


Visthality 


was used to measure visibility of task under 
various conditions. 
the 


meter were the addition of an artificial 


is deseribed in literature*; the only changes 


made in the 
pupil 2 mm in diameter and the addition of one 
horizontal and two vertical cross-hairs to permit 
Chorlton Dai idson 
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(ec) (d) 


(a) Glare situation, Task 8-11; (b) No glare situation, Task 8-11; (¢) Glare situation, Task A-1; (d) No 


glare situation, Task A-1I. 


location of the test letter at the same place each 
time. The meter was fastened to a support in such 
a manner that the task was 14 inches from the 
artificial pupil and the line of sight of the observer 
was 25 degrees from normal to the task (Fig. 2 
The angle of view of 25 degrees was selected on 
the basis of an unpublished report made to the 
IES School Lighting Committee by a Subcommitte: 
on Visual Problems. This report indicated that an 
angle of view of 25 degrees was very common with 
children doing desk work. It is anticipated that 
measurements will be carried out at other angles 
of view at a later date 
The Cottrell Meter yields a threshold contrast 


factor. By making observations on the task under 


2. Close-up of visibility meter in position. different lighting conditions, different contrast 
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factors are obtained. The difference in measured 
contrast-factor under the two conditions is taken 
as a measure of the difference in apparent contrast 
in the task due to the difference in lighting condi 


tions 


Test Table and Instruments 


A table was constructed to accommodate the task. 
footeandle meter and the visibility meter with its 
’ shield. 
a close up ol the top of the test table 


ontrols and the ‘‘no glare’ Figure 2 shows 

The visibility 
shown fastened to its which 
the The 


control box for the visibility meter is at the front 


meter IS support 


positions meter and the angle of view 
of the table and is used to adjust the lamp current 


to give the desired veiling brightness within the 


visibility meter 

A cosine-corrected photocell is recessed in the 
middle of the table top so that the top surface of 
the cell is flush with the top of the table which is 
30 inches above the floor. The photocell is connected 
to the left hand meter at the front of the test table 
illumination the 
With the operator in position 


the incident at 


task 


level is 


and indicates 
location of the 
the root 


amount after which the task is placed on top of the 


andl adjusted to the desired 


photocell for the visibility measurements 
The brightness of the task background (paper 
was measured by means of a photoelectric Spectra 
Brightness Spot Meter* having a field of view of 
degree. For the 


at the same position as the visibility 


this measurement brightness 


meter was 


er. The task brightness was measured for each 


Figure 3. (a) Glare condition, View of test table with 
shield in vertical position and observations being made. 
The control panel in the corner of the room is used by 
recorder to adjust illumination level when the conditions 


Is4 Fu ld Vi asurements of Loss of Contrast 


condition of illumination and the veiling brightness 
of the visibility meter adjusted to this value. The 
Spectra Brightness Spot Meter was also used to 
measure ceiling brightness between the rows of 


luminaires. The lamp brightness was measured by 
means of a photocell and tube which measured the 


average brightness across the total width of the 


lamp 
Glare and No-Glare Conditions 

For each lighting condition and location in the 
under 


conditions of The 
condition refers to the situation where no 


room, measurements of tasks were made 


‘glare’’ and ‘‘no-glare.’’ 
‘glare’’ 
light is obstructed from the task other than by the 
This 
the 
lighting 


observer and the visibility meter. **glare”’ 


y; » 4 ° ‘ 
Fig. 3a is normal 


the 


condition was obtained by inter- 


illustrated in 
that 


The ‘‘no-glare’’ 


condition, 
condition exists under system 
cepting light in a solid angle in the direction of 
mirrored reflection The 
light was intercepted by a semi-circular shield, 


illustrated in Fig. 3b, 


from the angle of view. 


which, when lowered to the 


horizontal position, excluded light in the solid 
angle subtended at the task by a vertical angle at 
$5 degrees and a vertical plane through the task 


at right angles to the direction of view. 


Test Locations in Room 


Figure 4 is a plan of the room showing the test 
locations A10, AB15 and B15. Al10 was 
the of luminaires and 
the B15 


Location 


directly under center row 


10 feet was 


from rear wall. Location 


are changed from “no glare” to “glare.” (b) No glare 

condition. View showing shield lowered to horizontal 

position to intercept light falling on the task in the 
direction of the glare. 
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TABLE I—General Diffuse Luminaires 


Per Cent of Luminaire Output 
0-60 Degrees 60-90 Degrees 90-180 Degrees 


40.6 49 54.5 
46.4 5.3 48.3 


4 Lamps 
2 Lamps 


of and 


Location 


directly under an outside luminaires 
15 feet the AB15 


midway between rows and 15 feet from rear wall 


row 


from rear wall. was 


During all tests the window wall was covered 


by opaque drapes which were light buff in color 
Lighting Systems 


Measurements were made in the test room under 
general-diffuse, direct and luminous indirect light 
ing systems. In each case the location of the lumi 
naires was as shown in Fig. 4 and they were sus 
The 
It was hoped that 


pended 18 inches from the ceiling. eeiling 
height of the room was 10 feet 
illumination levels of at least 30 and 70 footcandles 
could be obtained at the three test locations. Un 
the the 


screen cuts off a large amount of light and it was 


fortunately for ‘*no glare’’ condition, 


not always possible to maintain the 70 footcandles 
For this reason some 
70 foot 


for the ‘‘no glare’’ condition. 


of the data given is for 55 rather than 
candles 


The 


lamp, 48-inch luminaires mounted in 


of four 


three 


general-diffuse system consisted 


rows 


of six luminaires each. The luminaires had metal 


side-panels, louvered bottoms and open tops 


Figure 4. 
ABIS and 





Figure 
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TABLE I1—Direct Lighting Luminaires 
Per Cent of Luminaire Output 


0-30 Degrees 30-60 Degrees 60-90 Degrees 


10.2 


4 Lamps 18.8 


Lamps 38.7 


Shielding was 35 degrees crosswise and 30 degrees 


lengthwise. Lamps were operated on dimming 


ballasts and were wired so that the outside two 
lamps in each luminaire could be turned off when 
an illumination level of 30 footeandles was desired. 


Table I. 


‘glare’’ 


The luminaire distribution was as given in 
For 30-footeandle 
the 


(2 lamps per luminaire 
average lamp brightness was 800 
the 70-footeandle ‘* 


dition the average lamp brightness was 1000 foot 


condition 


footlamberts. For 


gvlare’’ con 
lamberts 

The 
placing metal covers over the general diffuse lumi 
of light 


show hi 


4 lamps 


direct lighting system was obtained by 


naires described above. The distribution 
from the 
Table II 
*‘olare”’ 
1050 footlamberts and 
the 


footlaml erts, 


in 
the 


Was 


‘‘direct’’ luminaires was as 

The average lamp brightness for 
condition of 30 fovtcandles (2 lamps 
for the 55-footeandle level 
+ lamps 


average lamp brightness was 1200 


The luminous indirect system consisted of three 


rows cf two-'amp plastic-shielded luminaires which 


19.7 


the 0-90 ck evree zone 


emitted per cent of the luminaire output in 
The lamps had a rated lamp 


current of 14 amperes and were connected into a 


left) Plan of test room showing the test locations A110, 
B15 and the location of the three 
Ceiling height, 10 feet. 


rows of luminaires. 


(below) View of test room showing the general-diffuse 


lighting system. 
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n 
° 


special dimming circuit which allowed operation 


of the lamps from full output to approximately 


8 


4) per cent of full output. The plastic shields had 
t brightness of approximately 300 footlamberts 


under the ‘no glare’’ condition, One lamp in each 


> 
° 


ym ee 


luminaire was turned off for the 30-footeandle level 


8 


’ > 
(eilimna Brightne $8 


The ceiling brightness varied appreciably for 


nN 
°o 


both the general-diffuse and indirect lighting sys 


RELATIVE LOSS OF CONTRAST 


tems. In both cases the ceiling brightness midway 


10 


re) = 
| 


between rows was about 15 per cent of the ceiling 


brightness clire tly above the center row of lumi 





\lthough this indicated that a lower mount 2 5 © 2 3} 40506070 8 % 95 98 99 


wht for the luminaires would be desirable PERCENT OF DETERMINATIONS 
he 15-inch suspension used tee Figure 6. A typical set of determinations. Task: N.J.; 
vith current practice. See Fig. 5 which footeandles: 70; location: AlO; lighting system: general 
veneral-diffuse system diffuse; azimuth: 0 degree. 
brightness for the direct lighting 
was quite uniform but of a very low value 
14 to 16 footlamberts be less chance of error both in setting the bright 
ness and in determining the threshold condition 
(5) The task was then replaced in the test posi 
neasurements of visi tion over the photocell and five suecesive observa 
tions made of the transmission of the graded filter 
observer in place and the shield at threshold for the ‘‘no glare’’ condition. The 
onditior the footeandle level was average value was obtained and the threshold con 
desired value and the task placed trast factor calculated 
tion on the photocell (6) The difference in these average threshold 
¢ brightness in the visibility meter contrast factors was then expressed as a per cent, 
the brightness of the task back loss or gain, of the ‘‘no glare’’ threshold contrast 
factor. This constituted one determination 
tting was obtained by turn (7) This procedure was repeated for each task, 
om a point where the task always going alternately from ‘‘glare’’ to ‘‘no 
int where the letter ‘‘e’’ glare’’ or in the reverse direction before changing 
en and the filter transmission re tasks. This method was considered essential for 
such observations were made succes subjective measurements of this nature in order to 
r average value obtained from which better ensure the same criterion for the ‘‘glare’’ 
mtrast-factor was caleulated and ‘‘no glare’’ conditions. A typical set of deter- 
task was removed from the photocell minations of loss of contrast plotted on a proba- 
circular shield lowered to the horizon bility seale is shown in Fig. 6 
no glare condition). The light output 
luminaires was increased uniformly to Results 
loss of flux by the shield. The illumina At least two and sometimes three observers took 
increased until the background brightness part for each condition tested. A test of signifi 
task was at the same value as under the cance was made between the means of each observer 
condition. This was the same or a few using Fisher’s ‘‘t’’ distribution. All the results 
dles higher than the ‘‘glare’’ condition de given showed a ‘‘t’’ value within the limits of Fish 
pending on the degree of ‘‘glossiness’’ of the paper er’s distribution for P 0.01. 
In this method the veiling brightness spot in the The results are given in tabular form to show 
visibility meter was kept constant for the ‘‘glare’’ the effect of various conditions on the contrast of 


ind ‘‘no glare’’ conditions. In earlier work the the tasks. The ‘‘per cent loss’’ is the average loss 


” 


llumination was maintained constant for ‘‘glare in apparent contrast of the task in going from the 
nd ‘‘no glare’’ and the veiling brightness spot ad- ‘*no glare’’ to the ‘‘glare’’ condition expressed as 
justed. It was felt that by keeping the veiling a percentage of the ‘‘no glare’’ contrast. The num- 


itness the same for both conditions there would ber of determinations ‘‘N’’ is also given and the 
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TABLE I11—Loss in Contrast at Two Illumination Levels. 
Lighting System—General Diffuse; Location Al0; Azi- 
muth—0O Degree. 


70 Footcandles 
Confidence Confidence 
Per Cent Limits Per Cent Limits 
Task Loss N* P=—0.95 Loss N* P—0.95 


30 Footcandles 


Number of determinations 


TABLE IV—Loss In Contrast at Two Ulumination Levels, 
Lighting System—Direct; Location A100; Azimuth—0O 
Degree. 


30 Footcandles 
Confidence 
Per Cent Limits 
Task Loss N* 


55 Footcandles 


Confidence 
Per Cent Limits 
P—0.95 Loss N* P—0.95 


16.6 


16 


leterminations 


rABLE V 


Lighting System—Luminous Indirect; Location Al10; 


Loss in Contrast at Two Hlumination Levels. 


Azimuth—0 Degree. 


55 Footcandles 
Confidence Confidence 
Per Cent Limits Per Cent Limits 
Task Loss N* P—0.95 Loss N* P=—0.95 


30 Footcandles 


16 


11 


10.7 
1] 


of determinations 


rABLE Vi—tLoss in Contrast for Different Lighting Systems. Illumination Level—30 Footecandles; 


confidence limits of the loss in contrast are based 
on a probability of 95 per cent. 

Tables III, LV and V show the effect of two dif 
ferent levels of illumination for the general-diffuse, 
direct and luminous indirect lighting systems re 
spectively. The printed task LM was discarded in 
favor of two additional pencil tasks shortly after 
the tests were started. Some reduction in losses is 
indieated for the general-diffuse system in going 
There is not much dif- 
Tables [IV and 
V) in going from 30 to 55 footeandles 

Tables VI and VII show the effect of different 


lighting systems on the contrast of the tasks. In 


from 30 to 70 footeandles 


ference for the other two systems 


both tables lower losses are evident for the indirect 
lighting system. The printed task A-2 was quite 


diffuse in character, both ink and paper, which 


probably accounts for the little change in the losses 


for the different lighting systems. 

Tables VIII and IX compare the losses at differ 
ent locations in the room for the general-diffuse and 
luminous indirect systems, Position AB15, midway 
between the rows of luminaires, shows the least 
In Table VIII, the greater losses 


at location B15 is probably less due to the lower 


loss In contrast 


footeandle level than because of the conditions and 
The chalkboard on the right 


hand wall adjacent to B15 and the tackboard form 


location in the room 


ing the upper wall were relatively low in reflection 
factor and for this reason there would not be much 
illumination reaching the task from the right hand 
side 

Table X shows the results for different azimuth 
positions at locations A10 and B15 for the general 


Lecation Al0O, 


Azimuth—0 Degree. 


Direct 


Confidence 
Limits Per Cent 
P 0.95 Loss 


7.6 


erminations 


TABLE Vil—tLoss in Contrast for Different Lighting Systems. Illumination Level- 


General Diffuse 


Luminous Indirect 
Confidence Confidence 
Limits Per Cent Limits 
P 0.95 Loss P 0.95 


As Shown: Location AlO; Azi- 


muth—0 Degree. 


Direct, 55 Footcandles 
Confidence 
Limits Per Cent 
P 0.95 Loss 


nations 


General Diffuse, 70 Footcandles 


Luminous Indirect, 55 Footcandles 
Confidence Confidence 
Limits Per Cent Limits 
P 0.95 Loss ‘ P 0.95 


+4.1 2.9 
, . 6 
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TABLE VIIIl—Loss in Contrast at Different Locations. Lighting System—General-Diffuse; Hlumination Level—As 
Shown; Azimuth—0O Degree. 


Test Location AIO Test Location ABI5 Test Location BI5 
70 Footcandles 70 Footcandles 55 Footcandles 
Confidence Confidence Confidence 
Limits Per Cent Limits Limits 
P = 0.95 Loss N* P — 0.95 N* P = 0.95 


4.6 +2.2 5.5 41 +2.9 
1.5 7 2.6 7 41 +2.3 
4.5 : 41 +2.0 
41 +2.3 
41 +2.5 


TABLE IX—Loss in Contrast at Different Locations. tion that would permit the predetermination of 
Lighting System—Luminous Indirect; Illumination Lev- 


losses for any given lighting situation and task 
el—As Noted; Azimuth—0 Degree. : 


characteristics. 
IIlumination Level 30 Footcandles It is regretted that time did not permit further 
Test Location A10 Test Location ABI5 tests in the present series that would have allowed 
Con- Con- 
fidence fidence a . 
Per Cent Limits Per Cent Limits all three room locations and at different azimuth 
Loss N* P—0.95 Loss N* P—0.95 


more comparisons of the three lighting systems at 


angles. 

48 The authors also feel that tests should be made 
is ae 4 . . . . 

18 , for luminous ceiling systems in order to make the 
i- 
is 
i 


study more complete. 
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Test Location Al0 
Azimuth 0 Degree Azimuth 22'/> Deqrees Azimuth 45 Degrees 


Confidence Confidence Confidence 
Per Cent Limits Per Cent Limits Per Cent Limits 
Less N* P—0.95 Loss N* P—0.95 Loss N* P—0.95 


1 +2.6 14.2 48 +2.5 14.3 48 1.5 
Test Location ABI5 
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The Effect of 
Specular Reflection on Visibility 


Part IIl--New Charts for 
Brightness Contrast Calculations 


Introduction 

Studies of loss of contrast due to reflections of 
overhead lighting units (or local lighting units) in 
the details and background of reading, writing and 
drafting tasks have advanced to the point where 
the losses are now known to be a serious factor in 
visibility. The results are demonstrating that qual- 
ity of lighting in terms of candlepower distribution 
from luminaires can strongly influence the actual 
net contrast of the task and therefore the amount 
of light necessary to see it. Since each system of 
lighting will produce its own contrast of these 
tasks in the field, it becomes necessary to predict 
the losses of that which occur and arrive at the 
contrast of a given task at a given point in a room 
interior. This paper develops methods of predict- 
ing the contrast of a task and, therefore, the losses 
under different lighting systems. 

Professor Finch has measured, as part of ex- 
tensive visibility studies, the brightness of many 
tasks and their backgrounds.’ From his photo- 
metric measurements, Professor Finch has deter- 
mined the ‘‘Brightness Factors’’ defined as the 
value by which the illumination normal to the sur- 
face has to be multiplied in order to obtain the 
brightness as seen in the particular direction 

Every surface has its own particular character- 
istic pattern of brightness factors depending upon 
the material, texture, spectral absorptance and re- 
flectance, and certain intangible quantities charac- 
teristically referred to as sheen or gloss. ‘ihe bright- 
ness values under consideration were obtained and 
plotted for several materials, always viewed at an 
angle of twenty-five degrees from the normal, as a 
function of the vertical and azimuth angles of the 
source. Figs. 1 and 2 show these results for Sample 
8-11 C 
white matte paper similar to those shown in Fig. 3. 


which was a schoolboy’s handwriting on 
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Brightness Contrast Calculations 


By ISAAC GOODBAR 


While using these results to compute brightness 
contrasts to be expected in actual rooms with dif- 
ferent lighting layouts, the author thought that 
other methods of representing Professor Finch’s 
results, different from the ones shown in Figs. 1 
and 2, might considerably simplify the required 
computations and, besides, clarify some of the con- 
cepts involved, making possible the design of light 
ing taking into account possible losses of contrast 
due to specular reflections. It is important to note 
that the idea of iso-brightness charts to facilitate 
incremental brightness calculations occurred at the 
same time to Professor E. M. Strong. The [lumi 
nating Engineering Research Institute assigned to 
the author the task of preparing the new charts 
presented in this paper 


Computation of Brightness Contrasts by Means of 
Professor Finch’s Original Curves (Figs. 1 and 2) 


The brightness contrast of a certain task is de 
fined as the ratio of the brightness difference (be 
tween the task and its surrounding) to the back 
ground brightness. To compute the brightness 
contrast to be expected under a specifie lighting 
layout it is, therefore, necessary to divide the lay 
out into units small enough for the brightness fac 
tor to remain constant within each of them; then, 
for each of these units, it is necessary to proceed as 
follows: 

(1) Determine by computation the altitude an 
gle and azimuth of the straight lines joining the 
task to the unit considered. Find the candlepower 
in that direction. 

(2) Find from or by interpolation between the 
curves of Fig. 1 the brightness factor of the detail 
of the tasks for the angles found in Step 1 

3) Compute the normal illumination due to the 
particular unit (point-by-point method 

4) Multiply the normal illumination by the 
brightness factor to obtain the brightness contri 


bution from the unit considered. 
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Figure 1. Brightness factors for pencil lines. (Finch) 


previous results to obtain the Multiplying this by the brightness factor b;r of 
total task detail brightness due to the entire light the task detail, the brightness contribution AB 1 


ing lavout due to the source (S will be obtained 


at the whole procedure for the task Lybix 


background brightness ABiy sin*é 
- ’ " " a 
/) Find the difference between the task detail 

brightness and the background brightness and di Formula 2 can be written 


vide this diff bhee by the background brightness 


to obtain the resultant contrast AB r sin’é 


For most lighting layouts the above procedure 
results, in practice, in rather extensive computa Since bjy is a function of the azimuth and vert! 
tions cal angles, @ expressed graphically in Fig. 1, and 


these angles can be expressed themselves as fun 


” , tions of the coordinates, x, y, in a system of co 
View Charts to Represent 3 


The Reflect Cy) j F ordinate axes passing through the point A’ which 
he Kieflectance raracleristics 


is the vertical projection on the plane, 8, of the 

Assuming the task A on a horizontal plane, a, point A, formula (3) ean be written: 
another horizontal plane, 8 at a distance, a, over it 
is considered, A source, S, on this plane 8 will be 
considered and it will be assumed that it emits a 
candlepower, J», in the direction of A (Fig. 4), that . 
If all the n sources S; are on the same horizontal 


is. at an angle @ with the vertical; then the hori R 
epas plane, 8, the total task brightness will be 


l 


zontal illumination F, will be 


l, 
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Figure 2. Brightness factors for white paper. (Finch) 


Similarly the total background brightness is which shows that the brightness contrast is entirely 
1 n independent of the height a (Fig. 4 Therefore 
B, = fi. ; ;, the functions 
— 


all fy (2, y) and fz (2, y 8) and (9 


Subtracting (6) from (5) and dividine by ae 

. can be plotted in any horizontal plane over a. These 

the brightness contrast is obtained : 
functions (8) and (9) will be called incremental 
candlepower cocfficients for the task and for the 
background. By equating (8) to different con- 
stants it is possible to plot on a plane, 8, a set of 
curves for each of which the incremental candle 
power coefficient for the task brightness will remain 


constant. This was done in Fig. 5. Also by equat- 


Figure 3. (left) 90 degrees incident 
light; 115 degrees viewing angle (0 
degrees to normal); (right) 65 de- 
grees incident light, 115 degrees view- 
ing angle (25 degrees to normal). 


(Sinch ) 
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ing (9) to different constants a series of curves can 





be plotted for each of which the incremental can- 
dlepower coefficient for the background remains 
constant, It is assumed then that this series of 





curves is plotted on an arbitrary plane, f, at a 
distance a over the task plane, a, and that it is 
desired to obtain the brightness contrast due to a 
group of luminaires located all in a certain hori- 





zontal plane y at a distance A over the task plane a 

Fig. 7). Equations (3) and (4) show that the in- 
cremental candlepower coefficients depend only 
upon the azimuth and altitude angles. Therefore 





Figure 4. a plane of the task; § horizontal plane of the if, taking as a center of projection, the point A 
source. task), all the luminaires, S;, located on the plane, 
, are projected into the arbitrarily chosen plane, 


8, a system of lighting fixtures will be obtained 


100° ° 80° 75° 
$0 85° j 70° 6. 


110 
125° 


130° 





Figure 5. New chart giving incremental candlepower coefficients for pencil lines (Sample 8-i1). 





Figure 6. New chart giving incremental candlepower coefficients for white paper (Sample 8-1!). 
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Figure 7 (above). a plane of the task; § plane of 
charts (Figs. 5 and 6); y horizontal plane through 
the source. 


a 


Figure 8 (right), Lengths in plan drawing corre- 
sponding to feet, for different mounting heights. 


HEIGHT OF _FIXTUR 


which will produce exactly the same brightness con- 
trast, in accordance with formula (7 
did. 


plane of Figs. 5 and 6, and this projection can ac- 


, as the origi 
nal system, Sj, The plane, 8, is actually the 
tually be done, in practice, by simply drawing a 
ceiling plan on the plane of any of these figures, in 
a scale determined in accordance with the follow 
ing formula: 


Real dimension 
(10 
Drawn dimension a 
which can be deduced immediately from Fig. 7, by 
similarity of triangles. Fig. 8 has been drawn so as 
to give directly the lengths in the drawing corre- 
sponding to feet for different heights h of the lumi 
order 


naires over the working plane. Therefore, in 


to obtain the brightness contrast due to any group 
of luminaires located on the same horizontal plane, 
by means of the charts of Figs. 4 and 5, all that 
has to be done is: 

1) Draw the lighting layout on a tracing paper 
in a scale determined by means of Fig. 8. 

2) Apply this drawing (Fig. 9 
of Fig. 
coefficients 


10 


on this chart the azimuth angles and, by means of 


over the chart 
5 and read the incremental candlepower 
the different (Fig 
At the same time it is possible to read directly 


for lighting units 


Fig. 6, the altitude angles, required to obtain the 
candlepower. 

3) By multiplying the candlenower by the in 
cremental candlepower coefficients, certain incre- 
ments are obtained for the brightness on the task, 
adding all these increments a value proportional to 
the brightness on the task is obtained. 

4) Lay the plan drawing (Fig. 9) over Fig. 6 
read (Fig 


and 11) the incremental candlepower 
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Brightness Contrast Calculations 


LENGTH IN PLAN DRAWING 


coefficients for the background in that figure (which 
also gives the altitude angles), multiply these values 
by the candlepower values already obtained for 
each unit and obtain the brightness increments 

5 Add all the 


ments to obtain a figure proportional to the back 


background brightness incre 
ground brightness 

6) Subtract the figure that was proportional to 
the task brightness (Step 3) from the one for the 
this last one 


the 


background brightness and divide by 


to obtain, in accordance with formula (7), 
brightness contrast. 

As it can be seen, this procedure is shorter than 
the one first mentioned consisting of the direct use 
of Figs. 1 and 2; besides, it is easy to visualize the 
effect of locating units in definite positions, which 
may help greatly in laying out the lighting plan 
Figs. 10 and 11 illustrate the result of applying 
the drawn plan over the charts of Figs. 4 and 5 
respectively. If it should happen that many com 
putations of this type have to be performed with 
the same type of luminaire, other types of charts 
different from the ones represented in Figs. 5 and 
6 may be more convenient. These may be obtained 
( 


by plotting, instead of formulas (8) and (9) equated 
to different constants, the following, also equated to 


different constants 
] hy sened 1] 


op (7, ¥ Tabp sin®4 12 


If such charts were plotted, all that would be 
necessary to obtain the brightness contrast would 
be to lay the plan drawing in a proper scale over 
one of these charts, add directly the readings for 
the different luminaires, and again lay the plan 
over the other chart, add the readings on this see- 
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Obtained from the application of Fig. 9 over Fig. 


10. 
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Figure 14. 


ond chart, and then, from these two totals, obtain 
the brightness contrast as usual, in accordance with 
formula (7 In time, manufacturers may supply 
charts for standard tasks and backgrounds 
as at present they supply candlepower dis 
n and brightness curves 
obtain the brightness contrast due to lumi 
nous ceilings, one square foot at one footlambert 
brightness mia be considered as a luminaire emit 


very direction a candlepower 


tinker in 


l 


sin @ 


arts for this situation are advisable 

ilings for every square foot, in these charts, 

must be multiplied by the brightness of the surface, 
n from the task 

The readings in these charts will be called ‘‘in 


‘ tal br ightness coefficients wi 


APPENDIX A 
to draw the me 


ontribution, when the 


whit ne es C'ontrast Cale ulations 


Obtained from laying Fig. 12 over Fig. 2. 


Tests like those performed by Professor Finch will, of 
course, continue and it is expected that more data for many 
other types of tasks and backgrounds will be available and 
will be probably directly plotted as shown in Figs. 1 and 2 
A simplified method enabling to pass quik k ly from this form 
of representation (Figs. 1 and 2) to the new charts (Figs 
and 6), may therefore be very helpful. Let a souree emitting 
unity eandlepower in every direction be assumed; then the 

. ’ 


brightness increment due to this source when i is located 


it an altitude angle @ (Fig 


AB 


where b is the brightness factor as plotted in Figs. 1 and 


*lotting a set of curves (Fig. 12 


K 
sin® 4 


for different values of A and assigning to them values pro 
portional to AK; at the points where any of these curves 
ntersect one of the curves of Figs. 1 or 2, over which Fig. 12 
is to be laid, the incremental candlepower coefficient will 
be proportional to the designation of the curve. This will 
happen for an altitude angle that can be read on the same 
vertical and for an azimuth angle corresponding to the curve 


in question of Fig. 1 or 2. In Fig. 12 there is also, on top, 
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a seale showing the distance on the plane B, that is the plane 
of Figs. 5 or 6 in the seale shown in Fig. 15, that corr 
sponds to the different vertical angles @ in degrees 

Therefore, to plot a complete chart like the one 
Figs. 5 or 6 it is necessary to proceed as follows: 

(1 Draw straight lines on either Fig. 5 or 6 for 
different azimuth angles. 

(2 Lay Fig. 12 over the graphical representation of 
brightness factor (Fig. 1 or 2 Figs. 13 and 14 show the 
result of such superposition. 

(3) Whenever each of the curves of the family drawn in 
Fig. 12 intersects a brightness factor curve for a particular 
azimuth mark, in Figs. 5 or 6, the value of the eurve in 
Fig. 12 at the distance, in the seale in Fig. 15, from the 
origin, shown on the top horizontal seale and read over 
the point of intersection. This point will be marked on the 
line corresponding to the azimuth in question. 

(4) Join with a smooth curve the points having the sams 
values on the different azimuth lines 

Fig. 13 


Fig ] Fig. 12 as published ean be used for any other set 


represents the result of applying Fig. 12 over 


of brightness factor curves drawn to the same seale of 
Figs. 1 or 2. Fig. 14 is the result of applying 
Fig 2: ill produce the chart of Fig. 6 


APPENDIX B 
All the preceding considerations apply to cases where all 
the lighting fixtures are on the same horizontal plane. This 
is, of course, the situation most often encountered. However 
quite often a situation where the light reaches the task and 
environment from more than one horizontal plane is also 
likely to be encountered. For instance, in a semi indirect 
lighting system part of the light comes from the luminaires 
located all on the same horizontal plane, while another part 
comes from the ceiling which is also located on a horizontal 


plane, but on a horizontal plane different from the on 





Tt 7 + 7 . 7 7 7 a T 7 7 t 7 T 7 
6 5 io i5 
Figure 15. Seale to be used when drawing new incre- 
mental coefficients charts, as explained in Appendix A, 


containing t: centers of the luminaires. To obtain the 
brightness contrast in this case, all that has to be done is 
to prepare two ceiling plans: one for the luminaires drawn 
to a seale corresponding to the height of them, and the other 
for the ceiling in a seale, also obtained from Fig. 7, for the 
ceiling height. By the procedure described, brightness con 
trast due to the ceiling alone and due to the luminaires alon 
will be readily obtained. All that has to be remembered to 
obtain the combined brightness contrast is that the bright 
ness contribution, being proportional to the horizontal illu 
mination, is inversely proportional to the square of th 
distance, or to the square of the height. Therefore, the 
total task brightness will be the brightness contribution duc 
to the luminaires plus the brightness contribution due to the 
ceiling multiplied by the square of the height of the lumi 
naires and divided by the square of the ceiling height. The 
background brightness will be similarly equal to the con 
tribution due to the luminaires plus the contribution due to 
the ceiling multiplied by a similar factor. Determining’ in 
this way the task and background brightness the combined 
brightness contrast will be obtained as usual, in accordance 
vith formula (7 

Of course, as several times mentioned, these brightnesses 
obtained are not true brightnesses but are proportional to 
true brightnesses, giving, therefore, true brightness con 
trasts. The results would have been exactly the same if the 
luminaire contribution had been multiplied by the square of 
the ceiling height divided by the square of the luminaire 
height and the ceiling contribution taken as originally 


obtained, 


IES Lighting Data Sheets and 
The New Footcandle Recommendations 


In June 1958, a new set of footeandle recommen 
dations was adopted by the Illuminating Engineer- 
ing Society. The new values, in most eases, are 
considerably higher than the superseded ones. This 
means that many of the IES Lighting Data Sheets 
published before June 1958 report installations 
that do not meet present TES recommended prae 
tice. as to footcandles on the tash 

It should be recognized, however, that the foot 
eandle level provided is only one of several con 
siderations that determine the quality and all 
around adequacy of an installation, and its suit 
ability for recording in an IES Lighting Data 
Sheet. Visual comfort, brightness ratios and the 


inherent appropriateness of the lighting system to 
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the lighting application are equally important 
factors. 

It is suggested, therefore, that IES Lighting 
Data Sheets issued before June 1958 may still be 
used with confidence as a guide to good lighting 
practice so far as lighting techniques are concerned 
To determine whether the footcandle values indi 
cated meet present recommendations, consult the 
footecandle tables published in the August 1958 
issue of ILLUMINATING ENGINEERING and supple- 
mented in the February 1959 issue, or in the Third 
Edition, JES Lighting Handbook 


SUBCOMMITTEE ON LIGHTING DATA SHEETS 
PUBLICATIONS COMMITTEI 





The Estimation of 
Magnitude of Glare Sensation 


Introduction 


Sensations of pain or discomfort are difficult to 
deseribe specifically, as clinicians well know, and 
still more difficult to evaluate quantitatively. Wolff 
and Wolf established a scale of pain based on 
twenty-two discriminable increments of pain from 
threshold to pain of maximal intensity. Two such 
steps were defined as one “dol,” a seale on which a 
severe headache would be rated at about four dols. 
Most workers, however, have been content to assess 
the magnitude of pain in qualitative or compara- 
tive terms only 

This has also been the attitude so far taken up in 
the Building Research Station’s work on glare dis- 
comfort. Knowing the manifold pitfalls of all 
sensation-magnitude estimation and the inevitable 
criticisms of any attempts to evaluate sensations 
quantitatively (eriticisms which would have di 
verted attention from the main purpose of the 
work it was our deliberate policy to avoid any 
translation of the multiple-criterion scale* into a 
numerical seale 

With the 
data, it was inevitable that engineers and users 


greater use of the glare-discomfort 


would ask, as they have over noise discomfort prob 
lems, what has to be done to an installation to, for 
example, “reduce the glare to one-half as bad as it 
is now?” Some psychologists would hold that such 
a question is meaningless, but the fact that it has 
been answered to the satisfaction of very many 
others, especially in the ease of noise, would sug 
gest that the objections arise from prejudice rather 
than evidence. The work of 8. S. Stevens of Har 
vard University, for example, has shown that con 
sistent and reliable estimates of sensation magni 
tude are possible in a wide range of modalities, 
and that they are of real engineering value. 

It will be 


though often asked by the lighting engineer, has 


appreciated that this question, al- 


never been answered by the existing experimental 
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Vaagnitude of Glare Sensation 


Hopkinson-Bradley 


By R. G. HOPKINSON 
R. C. BRADLEY 


Attempts have been made to estimate the 
magnitude of the sensation of discomfort 
from glare. Hitherto all such attempts have 
been avoided in the Building Research Sta- 
tion's work, but recent success with mental 
estimations of apparent brightness suggested 
that glare discomfort magnitude also might be 
evaluated numerically, provided subjects un- 
versed in other methods of sensation estima- 
tion were employed. The results are consistent 
and promising. The concepts of “twice as 
glaring,” “ten times as glaring,” “one-half as 
glaring,” etc. correlate with both source 
brightness and surround brightness in a way 
which is consistent with the relations estab- 
lished with the multiple-criterion technique. 


work. The magnitude of glare discomfort sensation 
has been appraised either, as in Guth’s work in 
the United States, by a “sensation index” based on 
e.g., the BCD, 


or “borderline between comfort and discomfort” 


the probability of a given sensation 


being experienced, or, as in the Building Research 
Station work, by a verbal scale of multiple criteria 
which are specific but not scalar. Recent experi- 
mental work on the numerical estimation of appar- 
ent brightness magnitude, following discussions 
with Stevens of Harvard, led to a feeling that 
“naive” observers who had not been trained in the 
multiple criterion technique might be able to make 
such numerical estimations. (Experience has 
shown that non-scientific people can make these 
judgments more readily than those trained in the 


mathematical sciences. 


The Experiments 

The experiment on glare magnitude judgment 
had to be designed so there could be no doubt that 
it was glare that was being judged and not brightness. 
The most satisfactory procedure would have been to 
adjust the size of the source, since it is known that 


glare is dependent on source size, whereas ap- 
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parent brightness is not. However, equipment for 
making this adjustment was not available, although 
we intend to perform this experiment eventually. 
It was decided, instead, to take advantage of the 
fact that glare is a function not only of the source 
brightness, but also of the contrast of this bright- 
ness with the surroundings.*:* If the surround 
brightness is lowered, the degree of glare will tn- 
crease. It was, therefore, hoped that the subjects 
would be foiled by the fact that a reduction in the 
physical parameter gave an increase in the sensa- 
tion they were being asked to judge, and so would 
avoid making their judgments on brightness. The 
reduction of the surround brightness would, how- 
ever, certainly cause an increase in the apparent 
brightness of the source, and there could be no 
guarantee that this would not influence the judg- 
ment of glare magnitude. (The results suggest, 
however, that it did not.) 

The subjects were shown a scene representing a 
school classroom in which two typical light fittings 
could be seen. Both the brightness of these light 
sources and the brightness of the surroundings 
could be independently varied by an optical system 
described elsewhere.* The conditions were set at 
levels not far removed from a typical rather glar- 
ing lighting installation. The source brightness was 
actually 1,000 footlamberts and the surrounding 
brightness 0.25 footlambert. These conditions, ex- 
perienced by the average subject, gave rise to glare 
which is distinctly uncomfortable, mid-way between 
‘ust uncomfortable” and “just intolerable” on the 
multiple criterion scale. The subject was shown 
these conditions by the experimenter and was given 
control of the surrounding brightness which, ini 
tially, he was permitted to vary to obtain a feel for 
the task. After return to base conditions by the 
experimenter, the subject, taking as much time as 
he desired, was asked to reduce the surrounding 


brightness until the glare from the source was 


TABLE I — Variation of Log Surround Brightness, 
Log B,. with Magnitude of Glare Discomfort Sensation, 
C,,, at a Constant Source Brightness of 1000 fL and a 
Standard Condition Surround Brightness of 0.25 fL at 
which the Magnitude of Glare Discomfort Sensation is X. 


Log B, in Log fl for Various Magnitudes 
of Glare Discomfort Sensation Gp 


Observer 1|0X 2x x 
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’ Glare Sensation 


‘*twice as uncomfortable’’ as previously. The pur- 
pose of giving him control of the surrounding 
brightness was to try to ensure that he would not 
make the judgment of “twiceness” on the basis of 
apparent brightness, as might have happened if he 
had been given control of the source brightness. 
After he had made this judgment, the conditions 
were returned to the original by the experimenter, 
and he was asked to adjust again the surround 
brightness until the glare was “ten times as unecom- 
fortable.’’ 


one-half, and 


The same procedure was repeated for 
one-tenth as uncomfortable. <As 
an empirical check, the subject was then given 
control of the source brightness, and data were 
taken using the same standard conditions and 
discomfort conditions; judgments of glare mag- 
nitude now being made with a constant surround 
brightness. In all, 12 different subjects made ob- 
servations, but of these 12, one was rejected for 
unwillingness and one for admitted inability to 
perform the experiment. Two further subjects 
made subjective evaluations, but as these were con- 
tradictory to all previous experiences (the subjects 
said that the glare was reduced when the surround 
brightness was lowered), the observations were not 
included in the final analysis. One other observer 
made only a partial set of observations. All of 
these observations were recorded but have not been 
included in the analysis. The data are shown in 
Tables I and IT and illustrated in Figs. 1 and 2 
Fig. 1, illustrating the data of Table T, 
the judgments made by varying surround bright- 
ness; Fig. 2, the data of Table IT, and the judg- 


ments made by varying source brightness. 


relates 


The data of Fig. 1 show a rather wide variance 
but a fairly good plot through the medians of the 
observations is possible. It will be remembered in 
this case that the glare increased while the physical 
decreased 


variable (surround brightness 


The data of Fig. 2 are rather more consistent in 


TABLE Il — Variation of Log Source Brightness, Log 
B., with Magnitude of Glare Discomfort Sensation, C,,. 
at a Constant Surround Brightness of 0.25 fL and a 
Standard Condition Source Brightness of 1000 fL at 
which the Magnitude of Glare Discomfort Sensation is X. 


Log B, in Log fl for Various Magnitudes 
of Glare Discomfort Sensation Gp 


Observer 10X 2x x xX/2 


+3.83 +3.30 
+4.04 +3.41 
+3.44 31 
3.65 1 
5 4 
4 


‘ 
,.63 


4.04 +3.5 
,51 0 
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SCOMFORT MAGNITUDE (G, 


RELATIVE 
Figure |. Estimates of magnitude of glare sensation 
with variation of surround brightness. Source brightness 


1000 footlamberts, Medians and interquartile ranges. 


Again, a good plot can be 


Variance 1s less 
made through the median points. It is of some 
interest that the eurve for apparent brightness 
magnitude for the appropriate adaptation condi 

ed from the data of Hopkinson,® when 

plotted on the same seale, is quite distinetly differ 
regression line through the glare 
There is, 


for onfidence that the 


from the 


judgement data therefore, some reason 
judements were indeed 
on glare discomfort sensation and not on 


Fig. 3 


It is possible now to relate these magnitude 


apparent brightness sensation 


judgments with the steps on the multiple criterion 


\ppendix Qn the average, a step ol 


scale sé 
one criterion appears to be equal to about “thre 
times’’ on the magnitude seale (See appendix 

It is also of interest that the correlations from 


1] and Fig 


er and with the exponents in the 


2 are mutually consistent with one 
Building 
arch Station glare formula (see Appendix 
This gives some confidence that the exponents of 
the Building Research Station formula are valid 
for the conditions of the experiment, whether the 
judgments are made by a multiple criterion or by 
a sensation magnitude method 
The results of these glare-magnitude judgment 
eriments may be of some importance to lighting 
eering because they permit a tentative answer 
ade, for the first time, to the question of the 


if change which it is necessary to make in 


Vagnitude ol (flare Sensation 


LAMBEARTS 


N FO 


SOURCE BRIGHTNESS (8 


—' thane -_ 


x/2- ae 2x 10x 
RELATIVE DISCOMFORT MAGNITUDE ; 
Figure 2. Estimates of magnitude of glare sensation 
with variation of source brightness. Surround brightness 
0.25 feotlambert. Medians and interquartile ranges. 
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SOURCE BRIGHTNESS (Bc) IN FOOTLAMBERTS 
Figure 3. Comparison of glare discomfcrt estimates 
with apparent brightness data for surround brightness 


of 0.25 footlamberts. 


an interior lighting installation in order to make a 
quantitative improvement in the glare. It would be 
desirable to supplement the data by observations 
from a larger number of subjects, but it is probable 
that sufficient information has already been ob- 
tained to give fair appraisal of the problem 

It must be appreciated, nevertheless, that it is 
still not understood exactly what is meant by sen- 
sation magnitude —that is, what exactly do we 
mean when we say a situation is “twice as glaring,” 
’ All that can 


be accepted at the moment is that such concepts are 


“twice as noisy,” “twice as bright” 


meaningful to many people, that they can be 


judged consistently. It will be recalled that a great 
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deal of useful scientific work was done with such 
judgments of sensation magnitudes (e¢.g., the seale 


of stellar magnitudes) in the days before suitable 


measuring equipment was available. 


Acknowledgments 


This paper records work done at the Building 
Research Station, England, one of us (Bradley 
working with a grant from the Illuminating Engi- 
We acknowledge the 


Building Re 


neering Research Institute 
permission of the Director of th 
search Station and the Illuminating Engineering 


Research Institute to publish the paper. 


References 


1 Wolff, H. G., and Wolf, S.: Pain, American Lecture Series No 
C. C. Thomas, Springfield, Ill. (1948 
> Hopkinson, R. G The Multiple Criterion Technique of Sul 
ctive Appraisal Quarterly Journal of Experimental Psychology, 2, 
Pt. 3), pp. 124-131 (1950 
R. G Discomfort Glare Lighted Streets,’ 
ansactiong of the Illuminating Engineering Society London 
V, No. 1 1940 
etherbridge, P.. and Hopkinson, R. G 
hting of Buildings, Transactions of the Illuminating Engi 
Nociety London Vol. XV No. 2, p. 39 1950 
Assessment of Brightness: What We Se« 


Hopkinson 
Discomfort Glare nd 


kinson, R. G 
NATING ENGINEERING, Vo o. 4, p. 271 April 1957 


APPENDIX 


Straight line plots were found appropriate and useful in 
the subsequent analysis and do not appear inconsistent in 
consideration of the data and their use. The data are not 
presented in the sense of complete and exact quantitative 
re lationships between variables, and should not be, by reason 
of the small amount of data. Hence, from Fig. 1 only an 
iverage slope for the median plot has been determined fo 
use n equations | and 2 Little variation slope is ob 
tained, however, with the best fit straight line for the total 
data in Fig. 1, rather than the forcing of a p'ot through the 
glare «discomfort reference conditions as was don This 
slope, as well, happens to coincide with one which could 


similarly be determined for mean points 


From Fig. 1: 
og Gp) —xlogB, + log K 
wherez tan3s 
—_ () s 


d therefore 


On 


In undertaking this experiment, the results of Fig. 1 wer 
analyzed before those of Fig. 2 were compiled and examined 
This was dove so that a theoretical value (denoted y’) of the 


empirical exponent y in the equation G, KB”, for con 


; 8 s 


‘ 


stant By, and w would be in hand before analysis of Fig 

data, and derived from the data obtained by varying 
surround brightness. This value could be checked with that 
directly obtained from the data of varying source bright 


ness. To find y, the Building Research Station glare formula 


was used. Since from 
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Vagnitude of 


ind combining these two equations for By 


K, andw= Ko: 


Gp K,G,,9.78 


Now assuming (3) is valid for constant B, and 


the BRS glare formula again, it can be shown: 


From the data of Fig. 1, and making certain assumptions, 
/’ therefore equals 1.25 

From Fig. 2 the exponent y is found as follows from 
the best fit line, through the reference condition, for th 


median points The best fit line for mean points very 


nearly coincides 


og Gp, = wlog By + log Ky 


where y tan oUJ.S 


y=1.23 


nl therefor 


Data were taken at glare discomfort conditions of 20X 
l 


aackground brightness as the visible 


nd X/20 with first the 
ariable, and then the source brightness. These were not em 
ploved in the mathematical calculations since several of the 
observers were limited in the desired brightness for these 
Hence, the data 


However, they do show point to 


conditions by the experimental apparatus 
ire not presented herein 
point median plots, if drawn on the data in Figs. 1 and 2, 

be less curvilinear than may appear through examination 
of the median points in the range of 10OX to X/1 

rhe exponent relating G, and By, derived first by d 
of varying surround brightness, is seen to be quite close 
that found secondly by data of varying source br ghtme 
rhis correlation gives some confiden that th issumptry 
made were valid, and that the exponents the 


Research Station glare formula ¢ valid for the 


of the <periment, whether the Judgments 
multiple eriterion method or by a sensation 
method. 

It is now possible to relate these sensation n ude 
judgments with the steps on the multiple criterion seale As 
determined by Hopkinson and Petherbridge, for six experi 
enced observers, the glare constants corresponding 
two eriteria of discomfort, just intolerabk 
imperceptible D are, respectively, 600 


Glare Sensation Hopkinson Bradley 





4 


our criteria A, B, C and D being equally spaced 
logarithmic glare constant seale. Therefore* 


iG, 600 


DG 








(as 


But from 3 or as could be shown by 


orking back through the BRS glare constant formula 


1Gy BGp CGp 


og log 


BG» CGn DG 


th f wing equations it shoul 
separate mathematical ope 
ple 


constant at criterior 


onestant at riterior 


taking (6) and 


BGo 


Combining (8) and (9): 


Por 
AGy BGp 
log | - = log 
BG, CG 


D 


0.78 + 0.626 0.488 


. R i. _ 

A Gp BGy ( Gp 
= antilog 0.488 

BGp C4p DGp 


4 





(11) 


On the average, therefore, if the data be valid, a step of 
one criterion (or an inerease in glare constant G, by a 
factor of approximately 4(G,=>8) for the experimental 
conditions) appears to be equal to about three times as 
uncomfortable a glare situation. The relationship is an 
average one and no inference is made regarding range or 
variance of the population in consideration of the sampling 
used 


Silhouetting a Cross 


Mounted between two doors entering the First Bap- 
tist Church of South Gate, Calif., a 7'2-foot high cross 
is silhouetted against the wall behind it. Other dimen- 
sions are: cross-arm, 3 feet 7 inches; distance from 


wall, 6 inches; mounting height above floor, 5'4 feet. 





The cross is made from 5-inch-square sections of wood. 
Silhouetting is by one 40-watt, one 30-watt and two 15- 
watt fluorescent lamps, recessed in the channel in the 
back of the cross. Photo and data courtesy of Joseph A. 
Northrop, Southern California Edison Co., Long Beach. 
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INSTALLATION AT HOLOPHANE COMPANY, NEW YORK, N. Y. 


Lighting a Private Office 


LIGHTING OBJECTIVE: ‘To provide high level, comfortable illumination for an executive office. 


GENERAL INFORMATION: This office is 16 feet long and 15 feet wide with a height of 9 feet t 
the plastic lens ceiling. The plenum depth is 14 inches. Colors and reflectances of the major 


room surfaces are as follows: 


plenum white 70% . desk 
ceiling white 75% . top cream 
walls sides gray 
upper white 
lower warm buff 55% P blinds cream 
chairs draperies green 
salmon ( , floor taupe 


straw 


{te ‘on ona ‘V'I'V 





Lighting a Private Office (Continued) 


INSTALLATION: This luminous ceiling is divided into two panels, each 6 feet by 12 feet. Continu- 
ous rows of 40-watt rapid-start cool white fluorescent lamps are spaced on 6-inch centers, 8 inches 
above Holophane No. 6024 Prismalume plastic lenses. The lamps can be switched to give three 

illumination levels: 85, 170 and 255 footcandles. Average brightnesses of the luminous ceiling and 


of major room surfaces for the 170-footeandle level after 900 burning hours measured : 


iminous ceiling ceiling 


55-degree vertical angle, center 


across lamp axis side 


5 degree vertical angle, walls 
along lamp axis upper 


e vertical angle, lower 


degre 


floor 
desk 
top 


cross lamp axis 
5-degree vertical angle, 


ilong lamp axis 


egree vertical a side 
cross lamp blinds 


75-degree vertical drapes 


along lamp chair 


Lighting designed by Robert V. Smith, Holophane Co., Inc., New York, N. Y. 


Lighting data submitted by Emanuel Berger, Holophane Co., Inc., New York, N. Y., as 
an illustration of good lighting practice and to aid in the design of similar 


installations. 


Published by the Committee on Publications of the Illuminating Engineering Society. 
1860 Broadway, New York 23, N. Y. 


Series X X | ¥ 
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Recommended Levels for 
Selling the Goods 


‘*No other field of illumination presents as broad 
an opportunity for engineering and design skill as 
the lighting of present-day merchandising areas. 
These range in size from the small one-man shop 
with simple merchandise to the large department 
store with acres of space, great diversity of goods 
and thousands of employees. Moreover, they vary 
widely in clientele and styling, as well as in com- 
petition.’’ JES Lighting Handbook, Third Edition. 

This quotation sums up, in general, the wide 
scope for individual treatment in general lighting 
for stores, display and decorative lighting, or any 
other use of light to achieve a common end—what- 
ever the nature of the store—that of inducing the 


customer to buy. 


(Photo and data credits appear on page 508, 
keyed to the letters at the end of captions.) 


Average general illumination of 115 footcandles is pro- 

vided by luminous ceiling panel system with 96-inch 

T12 cool white lamps. There is double this amount on 
key displays from recessed spots. (B) 
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Large area of luminous ceiling along the front of this 

drugstore (above) provides a welcoming element. Else- 

where (below) four-foot-square recessed fluorescent units 

supply 80 footeandles in the sales area, with adjustable 

incandescent spots recessed in the ceiling, producing 

an additional 50 footcandles of accent lighting. Valances 
are used on wall cases. (A) 
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Panels of two layers of thin vinyl 
sheeting with an air space between have 
sound-absorbing qualities in addition 
to improved light diffusion. Above each 
panel are six rows of continuous strip 
of two-lamp 96-inch slimline lamps on 
12-inch centers. Luminous panels pro- 
vide a maintained level of 125 to 130 
footeandles. Around the perimeter of 
the ceiling are 49 recessed incandescent 
spots for highlighting the appliances 
on display. (C) 


Reflections from glass of these show 
windows are minimized by the use of a 
luminous panel for the back wall. The 
panel has 96-inch T12 lamps mounted 
on 12-inch centers behind the diffusing 
plastic. General lighting of 200 foot- 
candles is provided by a_ two-lamp 
troffer with 96-inch T12 lamps and 
300-watt incandescents in mirrored 
glass reflectors. (D) 


Equipment used for general lighting in 
this women’s apparel shop consists of 
twenty plastic-shielded 2- by 8-foot 
fixtures, each using four 96-inch T12 
warm white deluxe lamps. Wall case 
lighting is by 76 feet of 48-inch T12 
lamps in single strip. Other equipment, 
for highlighting, consists of 19 three- 


lamp wall case incandescent bracket 

lights, 14 eyeball spots recessed in 

show window floors and 24 hood type 

fixtures equipped with 150-watt R40 
spot lamps. (E) 


Recommended Levels for Selling the Goods ILLUMINATING ENGINEERING 





Currently 
Recommended 
Ilumination* 
Footcandles 


Stores 


Show windows 
Daytime lighting 
General 
Feature 
Nighttime lighting 
Main business districts — highly competitive 
Genera! ..... - 
Feature om 
Secondary business districts or small towns 
Genera! 
Feature ... — ’ 
Open-front stores (see Display lighting under 
Store interiors) 
Store interiors 
Circulation areas . 
Merchandising areas 
Service 
Self-service 
Showcases and wall cases 
Service 
Self-service 
Feature displays 
Service 
Self-service 


(1) Above values are illumination on the merchandise on displar 
or being appraised. The plane in which lighting is important may 
vary from horizontal to vertical. 

(2) Specific appraisal areas involving difficult seeing may be lighted 
to substantially higher levels. 

(3) Color rendition of fluorescent lamps is important. Incandescent 
and fluorescent usually are combined for best appearance of mer- 
chandise. 

(4) Illumination may often be made non-uniform to tie in with 
merchandising layout. 

*Minimum on the task at all times 


General maintained illumination level in this department 


store is 125 footeandles, provided by 8-foot-square 
recessed troffers with low-brightness lenses. Lamps used 
are 96-inch cool white deluxe slimlines. Special luminous 
fixture over coat rack and valances on walls highlight 


displayed merchandise. (G) 
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Levels of around 2500 footcandles are achieved in the 
L-shaped show window at the left, using 24 reflector 
units, twelve with 300-watt PS35 lamps and 12 with 200- 
watt A25 lamps. Window dimensions are: 4 feet 9 inches 


across the front, 12 feet 9 inches long, 2 feet 3 inches 
deep and 4 feet high. Heat is exhausted into a 5-foot 
plenum by a centrifugal fan. (F) 


Extra-high-output lamps, with plastic diffusers, are re- 

cessed in the steel roof decking of the ceiling (as is 

the sprinkler system, too) in continuous rows on 6-foot 

centers for 100 footcandles general illumination. End 

displays and produce are highlighted to 200 footcandles 
by PAR56 units. (H) 


Recommended Levels for Selling the Goods 





Ceiling-mounted between beams of this 
2537-square-foot store, fixtures each 
using four 8-foot TI12 warm white 
deluxe lamps supply general lighting 
of 70 footeandles. Luminous ceiling 
area in the dress department attracts 
customers to the rear of the store. (J) 





Photo Credits 


A (two photos)—Line Material Industries, South 
Milwaukee, Wis. 

B, D, H, K, L, N, and O—General Electric Co., 
Cleveland, Ohio. 

C—Baltimore Gas & Electric Co., Baltimore, Md. 

E, I, J, M—San Diego Gas & Electric Co., San 
Diego, Calif. 

F—Consumers Power Co., Grand Rapids, Mich. 

G—Texas Power & Light Co., Dallas, Texas. 











Twenty-five 8-foot and four 4-foot 4-lamp fixtures with 

45-degree louvering and plastic side panels, in store at 

left, use standard cool white lamps for 120 footcandles. 
Incandescent bullet units highlight displays. (1) 





Suspended louvered fixtures with plas- 
tie sides and extra-high-output lamps 
are mounted in continuous rows for a 
maintained level of over 160 foot- 
candles. Incandescent units are used 
over the meat and produce departments 
and spotlights over displays. (K) 
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Surface-mounted units, with vinyl 
plastic diffusers, are mounted in con- 
tinuous rows along the sides of this 
shoe store—over the “trying-on” area 
and the shelves of stock. Over the 
center aisle are sets of two of the 8-foot 
fixtures. Average maintained illumina- 
tion is 120 footeandles. Lamps are 
standard cool white slimline. (M) 


Luminous ceiling, with 96-inch T12 cool white deluxe 
lamps, provides 100 footceandles general illumination. 
Luminous showcase on back wall, for displaying glass- 
ware, has panel brightness of 150 footlamberts. 
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A combination of fluorescent and in- 

candescent lighting results in 200 foot- 

eandles in this supermarket. Troffers 

each have eight 96-inch T12 warm 

white lamps, and the incandescent 

lighting is supplied by recessed 150- 
watt R40 floods, (L) 


of 100 footeandles is supplied by 


96-inch T12 cool white deluxe lamps on 24-inch centers 
in a plastic lens system. Display lighting uses 150-watt 


R40’s for accent. (O) 
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Some Aspects of 


Luminance and Luminous Emittance 


~ 
Ss. LDOM is the mere definition of an entity 


in the physical sciences or its defining equation 
sufficient to enable one to acquire a profound un 
derstanding of its significance as related to other 
entities in the system. This is also true in connee 
tion with luminance and luminous emittance. A 
visual environment is conditioned by cause and 
effect. Light source characteristics, the Inverse 
Square Law, properties of light-controlling media, 
and interreflection theory all play an important 
role in establishing a visual environment desir 
able or undesirable. Both luminance and luminous 
emittance are related to other entities in the photo 
metric system as will be shown presently 

Apart from the results produced by phenomena 
such as polarization, diffraction, ete., the luminous 
emittance at one point of a surface may differ from 
that at another point on the same surface because 
of variation in reflectance of the surface, variation 


in transmittance of the material or, as in the case 
of primary emission, the « | vd4,dd may differ 
for different elements of the same surface or for 


When 


either reflection or transmission of light or both are 


distinetly different non-contiguous surface 


involved, the spectroradiometric function of the 
light source as well as the spectral reflectance and 
or transmittance of the medium are responsible ror 
differences in power densities and consequently 
differences in luminous emittance. There may also 
be supplementary components of luminous emit 
transmitting and reflecting 


tance in the event 


media are involved when the atomie structure of 
the media is such as to promote self-excitation 
within the range of the visible part of the spec 


In all 


cases the luminous emittance, which expresses the 


trum due to transmitted or reflected light 


power density (power per unit area) evaluated in 


terms of the photometric standard observer for 


photopic vision (Sometimes referred to as the lumi 


nosity function is determined by the nature and 


Luminance and Luminous Emittance 


Hedrich 


By W. A. HEDRICH 


mode of operation of the source. Luminous emit- 
tance is then primarily attributable to the predomi- 
nating influences of operating temperature and 
state of excitation. 

The solid angular distribution of light flux from 
an elementary area is not the result of specifying 
the luminous emittance. Intensity distributions 
from an elementary area may be widely different 
for a given M, depending largely upon the struc 
ture of the surface or that of the transmitting 
medium. Likewise, in the case of a light source or 
luminaire, intensity distribution varies with their 
design characteristics. Even the intensity distribu- 
tion of an element of a surface, quite apart from 
its luminous emittance, cannot be arbitrary, since 
the flux per unit solid angle cannot be multi- 
valued. The same is true for a complete source for 


which the operational definition of intensity 


Ey d- 
le lim 


l> x 


lim By d= 


COSB assy 


subseribes to the single-valued aspect of intensity 
in a specified direction. See Fig. 1 

As far as luminance (brightness) is concerned, 
there are arguments both for and against its use as 
a photometric entity. Recession in the use of this 
concept is followed by revival, especially in unre 
strained and practical reference. Present-day use 
of the expression “brightness” in professional cir 
cles is often aimed to provide a quasi-quantitative 
specification of subjective appraisal of comfort and 
discomfort in a visual environment. Nevertheless, 


not only the reluctance to abandon the use of an 





Figure 1. 
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expression like luminance (brightness), but on the 
contrary a predominant increase in its use by prac- 
ticing engineers in the field of illumination war- 
rant a brief review of the objective aspects of lumi- 
nance punctuated by the necessary “Stop” and 
“Go” signals to emphasize its limitations. 

The mathematical equivalent of the definition of 


dl, 


(the subscript s refers to 
cos@d A, 


luminance Ly 


the source) is based on the quotient of luminous 
intensity in a given direction of an infinitesimal 
element of a surface containing a point under con 
sideration by the orthogonally projected area of 
the element on a plane normal to the given direc 


tion. Obviously L relates intensity to area, and in 


. the flux per unit solid 


tensity is defined as 7 
da 


angle. Evidently intensity as well as luminance 


are properties of a source element. These terms 

may also be referred to a complete source when the 

Inverse Square Law can be applied to yield reason 

ably accurate results. A definition of intensity 
dod 


da 


eration that visually-evaluated radiant energy flow 


quite logically emerged from the consid- 


in general persisted in various directions from a 
source, and quite so even when the latter must be 
treated as a finite body. This divergence of energy 
flow in various directions from the source could 
easily and logically lead to the adoption of the 
solid-angle concept. The latter, however, involving 
projected area, is not restricted to the field of illu 
mination. Magnetostatic field theory, for example, 
expresses potential and field intensity in space due 
to an array of dipoles through the solid-angle con 
cope. It follows that 
io d-o@ 


dil, and 


s See Fig. 2 
daw cos6d A.da@ 


The Inverse Square Law inherently relates cause 
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Luminance and Luminous Emittance 


Figure 2. 


and effect. Thus while J and L are properties of 
the source, it is sometimes not only more conveni- 
ent but necessary from the standpoint of measure 
the illumina- 


Ig 
Cos Bb 
r- 


ment to relate luminance to effect 
tion established at some point P. Since Ep 


on A,, 
dl, r= d Ep ] d Ep 


cos 6d A, cosécosB dA, cos B d A,cosé 


r 
dE» dEp m 
cosBda da 
where dE>p, is the differential illumination on the 
surface NV at P normal to the direction r. Since the 


actual illumination at P on N due to a finite por 


| dEp,, any part of the 


tion of the source is Ep, 


complete source contributing toward the power 


density at P can be masked, and the remainder con 
tributing toward that at P will establish an Fp, 
which can be measured, the solid angle subtended 
at P by the unmasked portion computed, and at 
least an average of L for the exposed part of the 
source determined. This procedure has merit. In 
discriminate application may result in serious error. 
If the luminance of the exposed portion of the 
source varies greatly from point to point, the result 
obtained will not represent ZL at all points. The 
error can be minimized by restricting measure 
ments to smaller exposed areas 

From the definition of luminance it is obvious 
that the projected area of the element may vanish, 
in which case the solid angle tends toward zero 
While perhaps momentarily disconcerting, a prac 
tical appraisal of the situation reveals that the 
intensity must approach a finite value for a real 
source from which the power density is essentially 
unidirectional. 

What then happens to the luminance? There are 
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questions pertaining to the luminous emit 
which require some consideration before sat 
conclusions may be reached. A typical 
would be the case of a hemisphere lumi 
oneave surface with constant lumi 

flux emitted by this hemispherical 

VA rh 22k 22° RL. Conven 
erences establish an illumination under 
onditions anywhere on the diametral plan 
i poms along the circumference of the 
the h ere) of E rl. Thus the flux 


pted by the base is é kA or @ clark? 


mly half of that emitted by the hemisphere 
omponents due to interreflection are 
ected. The discontinuity in E at the 


the base has no effect as far as th 


erned since the boundary contributes no 


answer to the question at the beginning of 
eding paragraph may be arrived at as fol 
\lthough in general J f(a,7,y.2), con 
the moment that L a only for the case 
Alina, COS" a, an axially symmetrie in 


distmbution For m l this represents the 


osine emission Then for m a _ positive 


for 0 


Lam eos’ a for a ) 
>x 
ensity is everywhere constant and normal to 


ent and equal to dl, 1x Then 
Glue 


dA, 


» exhibiting this property could the 


exists only for a=0 


be seen unless viewed normal to the 
surface since both the intensity and luminance van 
ish for all angles from 0 to +” /. except for a 0 
It is the theoretical equivalent of a source emitting 
unidirectional (parallel rays). The surface is not 
iniformly diffuse. Now referring to Fig. 3 and 
issuming the element dA, to be uniformly diffuse, 


| 
dA 
dl Ld A, cosa 
R? R? 
dA 227R*sinada 


d o d Ek d A 2 T L d rm sin a COS a d a 


dil dl 


dE 


Integration between limits 0 and a vields 
de Ld A, sin? a a Ld A,(1—cos*a 
dod 
dA, 
mer ber of Eq 4 appears to be the lumi 


rh (1 


Luminance and Luminous Emittance 








Figure 3. 


nous emittance of the element dA, and as such 


would be a function of a. However, the restriction 
of @ to angles less than 2 could mark the condi- 
tion of luminance control referred to in a previous 
article, and if the definition of luminous emittance 
involves the ratio of the total flux emitted by the 
surface element to the area of that element, then 


dd — ‘ : 
W is still for and only for a="/2. This sup- 
i, 


f 
ports the non-directional aspect of luminous emit 
tance 
Proceeding to the general case 


d le AI wax COs” a, 
dl. d Imax COS™ ha 
dA.cosa dA, 


for which 


| 
dA, 


where 
dl. Ld A,cos"a a ¥ 2 
dz COs” a 
R- R2 cos™ 1a R? 
dé dEdA 2 Linax d Ay SiN a COS" ada 
Note that for m = 2 it is the luminance that follows 


(R)\ 


the idealized cosine emission pattern. For the gen- 
eral case, however, integration from zero to a vields 
1— cos” *!a 


dd =2axLmxdA, 


mn 


dd (l1—ecos™*!a 
9 
2 Lmax > 
ad A, m- 1 
For the limiting condition m—> ~ , 
dd 1—cos™*! a 
2 Limax’ Lim 


dA, m+] 


mw» x 
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Figure 4. m = 0. 








L. = coast 


Figure 6. m 


dAs 


dI 


uniform diffusion ry 


Figure 5. m 


Equation (10) will give the luminous emittance 
WV for all luminance patterns of the type ZL 


/ . COS a corresponding to dil, dl Oo; 
2rl 


provided a Thus MV reveals dimin 


m- 


ishing luminous emittance for a specified Lyjy, as 


Also from Eq i) 
intensity 


m inereases it may he seen that 


for m=0 the locus of is a hemisphere 
with center at the source, the luminance from Eq 


4) L=L, 
parallel to and distant Lain 


» SCC a, the locus of which is a pl ine 
from the source, and 


2rL 


The relation between M and L is always obtained 


the luminous emittance becomes M 
by extending the integration from 0 to * 
surface element exhibiting axially symmetric in 
tensity distribution regardless of whether the sur 
distribu 
The in 


eover all real 


face is uniformly diffuse or not. A few 
tions are shown in Figs. 4, 5, 6 and 7 


vestigation could be extended to 


values of m. For asymmetric intensity distribu 
tions the integration should be extended from — 
to +*/s. The more general case of L= f (a,z,y,2 
is beyond the scope of this discussion. 

Luminous emittance, as defined, is not the contro 
It is clearly and 


versial issue in this discussion. 
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Figure 7. m 


uniquely defined and serves its purpose in illumi 
nation theory. Since it serves to determine luni 
nous flux from a source, the issue is clearly one of 
its relation to other entities in the photometric sys 
tem. The flux intercepted by a surface due to a 
involves illumination and area 


source 


luminous 
The flux concept, whether employed in illumina 
tion or electromagnetic theory is the same, namely, 
do@= D-d A, the sealar product of flux density and 
Vector procedures have been introduced into 
authors like Moon,’ Ger 
The latter, for 


funetion D 


area 
illumination theory by 
shun, Gurevic, Helwig? and others 
example, introduces a vector point 


r; as a property of space due to a point source 
, 

of light, in which the absolute value of D is taken 
as the normal (maximum) illumination on a sur 
face element containing the point under considera 
tion, and the magnitude of the projection of D 
along any direction prescribes the scalar illumina 
tion on the area normal to this direction. For the 
purpose of this discussion it is sufficient to observe 
that luminous flux is a sealar and is obtained in 
differential form as dé, = dE, dA, (11 

The subscript r refers to the receiving area 


In the following, attention is focused on flux per 
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Figure 8. 


of emiiter rather than on luminous flux 


msider a luminous sphere emitting from 


within according to the cosine law See Fig. & 


Interreflections are not a part of this consideration 
Anv element dA, 


ments of the sphere If 


will illuminate all surface ele 


d@ is the flux from dA, 


intercepted by the receiving element dA,, then 


Ld A, 


cosacos 8 
dk, 
d 
dA Pah? sinbda 


d 2R- ] - cosé 


rLdA, 


» 


de 


Integrating with respect to 6, 


rl dA, 
rLdA,ysin*a 12 


Only for » is this result the luminous 


dd 
Yet rLsin*a prescribes 


emittance 


dA, 


dA, to establish flux on zonal 


- 
or a trom ) to 


the ability of any 


The luminous emittance 
dd 


V aA wl | Equation 12 


sphere IS 


simply expresses the flux on any zone as a function 
ol? or a 

In order to prescribe the relative effectiveness of 
a uniformly diffuse element in establishing luni- 
nous flux on a specified surface, consider again the 
case of a hemisphere luminous on its concave sur 
face with / If, for example, the flux inci 


dent on the 


eonst 


base FG of the hemisphere is desired 
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for an arbitrary position of the emitting ele..ent 
d A, on the hemisphere. then referring to Fig. 9 
dod - dE,dA, 

(A in diametral plane FG 


dA pdpda 


Ld A,cosa cos B 
d* 
Ld A, COSa cos B 
2 pdpdnr 
d* 


The location of dA, on the hemisphere is cdeter- 
mined by R and @. Due to circular symmetry the 


flux from dA, on the hemispherical base is the same 


dk, 


dd 


lrigono- 


for any azimuthal angle y for a given @ 


metric relations determine : 
d= p- T R?—2 Rpcosé, 
Rsiné 


\ p- ’ R? -2Rpcosé 


R- pcos ad 


\ p- T R?—2R pcosé 


Rsiné@( R— peosé 


-LdA, 14 


dod sg 
p-—2Rpcosé T R- “ag 


Thus, 
Integration with respect to A in Eq. (13) yields 2, 


so that 


R* sin Opdp 


dd 
, *—2Rpcos6-+ 


R?)? 


R sin 6 cos6 p* dp 


“—2Rpcosé + R?)* 


15 


F 


ij 








Figure 9. 
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Figure 10. 


Integrating with respect to p, substituting and sim- 
plifying, 
$ rLdaA 1—cos@) 
dod . 16 
2 sin@ 


dd is now the differential flux on the base of the 
hemisphere for any position of the uniformly dif- 
fuse emitting element dA,. For 6=0 dd becomes 
zero by observing that 

fia 

Lim Lim 
Fé F’” 
a i Aa— i 

All other values of dd are obtained bv direct eval 


uation for 4. Thus 


dd’ Tv L ] cost 
(my a 
d A, 2 siné 


vives the percentage of luminous emittance which 


is effective in establishing flux on the base of the 

hemisphere as shown by the curve in Fig. 10. The 

luminous emittance of the element is everywhere 
T L since L 

or 


for dA, in the 70-degree position, only about 35 


the same and is MV const. However, 
per cent of the luminous emittance is effective in 
establishing flux on the base FG. Fig. 10 shows per 
cent of luminous emittance M=-L for uniformly 
diffuse hemisphere (emitting from its concave sur 
face) which is intercepted by the base of the hemi 
sphere as function of position of the emitting cle 
ment dA, 

Usually one is not interested in the differential 
flux established on a specified surface due to a 
single luminous element, but desires the total flux 
due to a finite luminous surface. For the problem 
under consideration the total flux ¢ on the base 
due to the entire hemisphere is 


. , — a¥/2 (1—cos@) 
[4 x R= L | eosé dé 
sin 


v0 
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Similarly the total flux ¢” not incident on the base 
of the hemisphere, but intercepted by the hemi- 


sphere itself is 


7 > 


2R*?L | | 1-1 o( a) Jeosoae 
siné 


et L=—Eeh 


and the total flux ¢, emitted by the hemisphere is 


| dg,=20? REL | “eonbdé =22°R?*L=M:2rR* 


This constitutes not only a formal solution of the 
problem cited earlier in the discussion, but empha- 
sizes the relative effectiveness of luminous emit- 
tance in establishing flux distributions on inter- 
cepting surfaces. 

In connection with the above, if the emitter were 
f(R,6,~) with R also 


variable, then the flux from any finite portion 


a surface such that dA, 


of the emitter on any specified intercepting sur 
face involves a quadruple integral. This may be 
seen directly from the general expression d* 
Leosad@d A, wherein L, even though a function 
of position and angle, introduces no new variables 
for a general surface, but dw and dA, involve a 
total of four variables. The flux, however, may be 
evaluated as a double integral through the applica- 
tion of Stokes’ Theorem which is omitted here 
since it involves a formal treatment of field theory 
in illumination. 


Although Eq. (17 


under the condition of constant luminance, a gen- 


applies toa specific veometry 


: d¢ ; 
eral expression for as function of geometry 


dA, 


and luminance pattern could be written. There is, 


however, no need for introducing a new entity to 


dd 


define for a* ° since this would only serve 


f 
to complicate the theory underlying the illumina 
tion field. Any variation in luminance pattern or 


dd 
dA, 


in spatial conditions would introduce 


different function of L and space 

In summary, the luminance pattern of a source 
as well as the geometry and orientation of an arbi 
trary receiving surface determine the effectiveness 
of a given luminous emittance in establishing a flux 
distribution on the receiving area. This condition 
exists independent of luminance contro! and is 
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based on the assumption that the divergence of the 
illumination field is everywhere zero in the space 
under consideration. Throughout the discussion 
the Reciprocity Theorem may be used as a guide in 
Luminous emit 


checking the derived relations. 


on the other hand, provides a neasure of 


tance 
available total flux per unit area of the emitter 
from which to draw upon to provide a flux distri 
bution on a specified area. In general it is not pos 
sible to utilize all the flux per unit area incorpo 
definition of M, 


However, even for the gen 


rated in the except when the 


emitted flux IS desired 


- for any solid 


eral case of a luminous surface, 
dA, 


angle less than 2% will prescribe the variation in 
percentage of M useful in establishing an incre- 


ment of flux anywhere in space. 
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To Enhance a Floral Setting 


Purchasing flowers is almost always a pleasant expe- 
rience, and is made even more so when the florist’s shop 
has a gracious atmosphere in which to make the pur- 
chase. Carren’s Florist, in Dallas, Texas, achieves an 
open airy appearance with a glass front and a luminous 
panel ceiling which extends partially out over the en- 


trance-way. Illumination level is an average 45 foot- 


candles from two rows of 2-lamp strip with a plastic 
diffuser in a wooden frame. Lamps used are standard 
cool white. Room dimensions are 14- by 28-feet with 
ceiling height of 8'4 feet to the plastic; cavity depth is 
28 inches. Walls are green and brown, as is the floor, 
both with 50 per cent RF. Photo and data courtesy of 
the Dallas Power and Light Co., Dallas, Texas. 
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LIGHTING DATA SHEET 


A.L.A. File No. 31} 


INSTALLATION AT CITY PUBLIC SERVICE BOARD, SAN ANTONIO, TEXAS. 


Lighting a Control and 
Load Dispatch Room 


LIGHTING OBJECTIVE: ‘To provide a high level of general room illumination and vertical illumi 


nation on the system map and the dispatch boards, with a minimum of reflected glare in the meter 


ov lass eovers, 


GENERAL INFORMATION: his room is cireular in shape with a diameter of 36 feet. The plastic 
ceiling is 9 feet 6 inches above the floor. The plenum above the plastic is 12 inches deep. Me- 
ters and distribution circuits are located on both horizontal and vertical surfaces. Colors and 
reflectances of the major room surfaces are as follows 

ceiling floor 
plenum 80% RF dispatch boards 
plastic 539 RF map 

desks and equipment rownh 18% RF 


INSTALLATION: = Sixty-eight catalog No. S-2-140RS and 17 catalog No. S-140RS Benjamin Elee 


tric Mfg. Co. fluorescent strip units, mounted in continuous rows on 18-inch centers 12 inches 


‘ON Oi ‘V'I'V 


its 


(over) 





Lighting a Control and Load Dispatch Room (Continued) 


above the Panel-Glo ceiling (three- by three-foot corrugated vinyl plastic), provide an aver- 
age level of 125 footeandles at desk height. These units are equipped with 40-watt T-12 stand- 


ard cool white lamps (153 lamps in all). 
The system map, shown in the center of the photograph, is illuminated by one Benjamin 


atalog No. TGSK-396-16 troffer located 18 inches in front of the map. This unit is equipped with 


six 96-inch T-12 standard cool white lamps. 
IIlumination (vertical) and brightness values on the boards and map are as follows: 
distance down from footcandles footlamberts 
top in inches boards map boards map 
i3 73 85 20 10 
24 73 107 20 13 
6 73 101 20 12 
48 i3 90 20 } 
60 i &S £0 10 
72 ; 72 19 9 


S4 Vi 19 


96 (floor ; 58 17 


_ 
‘ 


brightness values at other locations are: 


Panel-Glo ceiling at 4! 
desk 
floor 


Lighting designed by Gerard M. Baker, Mechanical and Electrical Engineer, San An- 
tonio, Texas and Jack A. Chrismer, Division Sales Manager, Benjamin Electric 
Mfg. Co., Dallas, Texas. Architects: Phelps & Dewees & Simmons, San Antonio, 


Texas. 


Lighting data submitted by Gerard M. Baker and Jack A. Chrismer as an illustration of 
good lighting practice and to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 


Series X X I V 


8-59 





Efficiency of Flashing Lights: 


Comparison with Steady-Burning Lights 


a AN earlier paper,' it was proposed that 
the computation of the efficiency of a flashing light 
be carried out in terms of its “effective efficiency,” 
defined by the equation 

a - Qiam 
Effective Efficiency a M pp (1 


vee 


in which Qiuwm is the luminous energy in the flash, 
Qeiee is the electrical energy producing the flash, 
and My» is a term designated the “Blondel-Rey 
Merit Factor.” 
the right of equation (1) 


The first part of the expression on 
the ratio Qium/Qetec, IS 
the luminous efficiency of the flash. The second 
part, Wy, is a measure of the efficiency with which 
a given quantity of luminous energy is utilized to 
produce effective intensity in accordance with the 


Blondel-Rey equation : 


where J is the instantaneous intensity, tf; and fs are 
times near the beginning and end of the flash 
respectively, and .2 is a constant representing ap- 
proximately threshold viewing conditions. Above 
threshold the constant decreases.* (The generalized 
form of the Blondel-Rey equation, with the con- 
stant a, instead of its threshold value .2, was dis- 
eussed in earlier papers.':** In this paper, the 
threshold value will be used because of numerical 
simplifications that follow from its use, and because 
of its special importance. 

Douglas* has rationalized the computation of 
effective intensity by maximizing J, in equation 
2). Equation (2) 


ogous forms for flux or illuminance. For the pur- 


may also be expressed in anal- 


pose of computing efficiency, the flux form is most 
convenient, and, in this form, with Douglas’ ra- 
tionalization, the Blondel-Rey equation may be 
written: 

Consulting Engineer, Kensington, Md 
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2+ (te—t;) 


The Blondel-Rey Merit Factor, My”, expresses 
the effectiveness of utilization of luminous energy 
in a flash as five times the ratio of the effective flux 
in the flash to the effective flux of a flash with the 
same total luminous energy compressed into an 


extremely short time interval, or 


al 


| Fdt 


2+ (te—t)) 


| Fdt 


» 


where t)» and ty are times when the instantaneous 
flux is equal to zero at the beginning and end of 


the flash, and which include all the flash energy. 


Equation (1) reduces to 


F, 
Qu 


emphasized, is ap- 


Effective Efficiency 


(Equation (5), it should be 
plicable to threshold viewing only. The more gen 
eral form of the equation requires that the right 
side be multiplied by the coefficient 5a. At thresh- 
old, a= .2, and the coefficient reduces to 1.) 

It is often of interest to compare the efficiency 
of a flashing light with that of a steady-burning 
light. In some applications, there is an engineering 
choice between a flashing and a steady light, and 
the difference in efficiency may be an element of a 
complete analysis. Whereas the emitted flux of a 
steady light is a property of the light source inde- 
pendent of the observing conditions, this is not true 
of the effective flux or the effective efficiency of a 
flashing light. The effective flux varies with the 
observing conditions, particularly, as noted above, 
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with the tiluminance 
effer tive 


that of a flashing light will vary also with the 


efficiency of a steady light compared with 


repetition rate of the flashing light. Thus, it is not 


possible to assign a value of efficiency to a steady 


light which would be valid for comparison with any 
flashing light, even if threshold or any other fixed 
viewing condition is understood. If flash repetition 
rate is subject to control or variation, the relation 
ified for each rate and will, in general 


he spe 
ad 


nsiderably with the rate 


quation y be applied 
in order to compute efficien 
application of th 

lating the efficien 
pa ticular flas ing light 
ompared, Thus, the “rela 


Is viven by 


in ensity of the steady light IS 
ts flux in the same way that the effective 
i flashing light is related to its effec 


is written for the stea ly livht in plae 


Single, Isolated Flash 


burning light is compared for 


i flashing light that produce 
the relative efficiency of 
The numerator of equation (6 
electrical energy, Q consumed 
light is infinite, since, by definition 
it continues to expend energy with 
steady light its flux for an i 
while the flashing light is dark except 
fash interval. If a light vistrble for 
me is all that is required in an apph 


‘ 


itely wasteful to continue to burn 
when it is not needed 
of looking at this is In terms of 


Here th 


is the product of the luminous efficiency and 


effective efficieney is d 


The luminous efficiency, Qhum/Qetec, of the 
a constant ratio, regardless of how 

, and is equal to its luminous effi 

ntionally given in lumens per watt 

er, decreases as the steady light is 
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at the observer's eve The 


Projector 








; soe 
[ee ' 
t. t. 
time 
Figure 1. ‘Time distribution of the flux for a repetitive- 
ly flashing light whose effective efficiency is to be com- 
pared wth that of a steady-burning light which is emit- 
ting flux F.. 


burned longer and longer, approaching zero as thi 
time of burning approaches infinity. The definition 


of Murr 


under consideration with the effective flux of a 


compares the effective flux of the light 


light flash with the same total energy, compressed 


into an extremely short duration. In the limiting 


ease of a steady light burning for an infinitely long 
time, the energy consumed, if dissipated in a single 
short flash, would have an infinitely large effectiv: 


flux 


Repetitive Flashes 

In practice, the efficiency of a steady-burning 
light is not compared with that of a single isolated 
flash. Rather, the flash is compared with a steady 
light burning for a finite time or, as the problem 
is usually presented, the steady light is compared 
with a repetitively flashing light, as in lighthouses, 
aircraft “anti-collision” lights, ete. Th repetitive 
flash includes as a special case the single flash as a 
single cycle of a repetitive flash. The remainder of 
the discussion, therefore, will be in terms of repeti 
tive flashes 


In Fig. 1, 


light are shown 


three cycles of a repetitive flashing 
This light is to be compared wit} 
a steady light emitting flux F,. The denominator 
of the right side of equation (6), which is the 
effective efficiency of the flashing light, is computed 
in the manner described previously.' F in th 
numerator, the flux emitted by the steady light, is 


equal to Fy. Qu, 


energy expended by the steady light during one 


in the numerator is the electrical 


‘vele of the flashing light, or the product of the 
power consumption and the period of the flash, 
(;- ts, for example. Evidently, as long as the time 
distribution of flur is not affected, the relative 


effective efficiency of the steady light is propor 
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Example 2 


In the example above it is found necessary to 
flash the lamp only once every three seconds. What 
is the relative effective efficiency under these con 
ditions? 

Since the steady lamp now consumes 3 X 4.64 
13.9 watt-seconds while the flashing lamp consumes 
1.35 watt-seconds, the relative effective efficiency is 
given by 

fe 3. 
a a ee Relative Effective Efficiency 


o4 








t, seconds 


Figure 2. Time distribution of flux for flashing light 
in Examples | and 2. or, the steady light is slightly less than '/19 as 
efficient as the flashing light. It will be noted that 
tional to the repetition rate ol the flashing lieht the relative effective efficiency in this ease is le that 
If changing the repetition rate of the flashing light obtained in Example 1 
changes its time distribution of flux, then it is 
necessary to recalculate the effective efficiency of Example 3 
the flashing light as well as the steady light in ; é 
: os A light is flashed repetitively with the time dis 
order to obtain the relative effective efficiency ap ; 7 
, tribution of flux shown in Fig. 3. In one version, 
propriate to the new conditions : 
the light is not completely occulted between flashes, 


. . and, as shown in the figure, emits a constant flux 
Numerical Examples ‘ 
between flashes of 50 lumens. In a second version, 

j 


Example ! the light is oeculted between flashes, the flux falling 


A light with the time distribution of flux shown to zero at the beginning and end of each flash at 


) 


in Fig. 2 is flashed once every second. The electri the times corresponding to f 06 and f 14 sec 


cal energy consumed is 1.35 watt-seconds per flash ond for the flash shown in the figure. If the lumi 
How many watts would be dissipated by a steady nous efficiency is 13 lumen-seconds per watt-seeond, 
burning lamp with a luminous efficiency of 14 what wattage in a steady-burning light of the same 


lumens per watt, emitting flux equal to the effective luminous efficiency would match in flux the effee 


flux of the flashing lamp? What is its relative tive flux of the flashing light when 


The flashine light in this a) in version 2, the light is flashed once a second ; 


effective efficiency 
example is the one used in example 2 of the pre 
vious paper,’ in which it was shown that the effee 
tive flux 65 effective lumens, and the luminous F, 
energy per flash 16.5 lumen-seconds soot lumens 
Flashing once per second and consuming 1.35 
watt-seconds per flash, the rate at which energy is 
dissipated by the flashing light is 1.35 watt-seconds 
per second, or 1.35 watts. It is required that the 
steady light emit 65 lumens. With an efficiency of 
14 lumens per watt, the steady light will dissipat 
65/14, or 4.64 watts. The relative effective efficien ‘\ 


is given by equation (6 


F 
Relative Yeiee _] steady light 


Effective 


Efficiency F | 1 
= 8 22 
Ge... ae 3! 
: g lig t, seconds 


’ 











or, the steady light is slightly less than 13 Figure 3. Time distribution of flux for the flashing 
cient as the flashing light light in Example 3. 
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b) in version 1, the light is flashed once a second: 


in version 1, the light is flashed once every 


three seconds 


In each of the above what is the 


CASOS, 
effective efficiency of the steady light? 

for the flash 
80 effective 


By the method of maximization, F, 


light turns out to be lumens, as 


llig 


ndicated in the figure. At a luminous efficiency of 


13 lumens per watt, the steady light requires 80/13, 


value of F 


limits of 


or 6 As Douglas has shown," the maximum 


watts 

for the flashing light is obtained if the 

integration are the times when F F., or 
| Fdt 

ux 2 4 132 06S 

would be obtained if F fell 

132 


lumens, 


The same value of F 


to zero at f O68 and at ¢ Thus the flux 


emitted between flashes, 50 may be con 


“wasted” since it contributes nothing to F 
Wi should find the effective 


efficiency of the flashing light less in case b than in 


sidered 
expect therefore to 
Cnisr a“ 

In case a, the flux emitted during one flash cycle 
06 and ¢ 14, 


From equation (4 


is contaimed entirely between ¢ 


for the cycle shown in the figure 


F. 80 80 
Vins 


3.6 eff lum /lum-sec 
i -~14 
| Fdt 


ue 


Since the luminous efficiency is given by 


iam 


Efficiency), 


Qww: 
Efficienes 


1.69 wt-sees 


sv) 


Effective P 


; 47 eff lum 
Efficiency Q 


wt-sec 
1.69 


and the relative effective efficiency of the steady 


F 
a ry 


F, SO) 
Oeics flashing light l 69 


In case b 


lamp is 


the conditions are the same as for case 


“waste” flux is emitted between 


the 


that 
Viun for 
larger, Q.., 


a except 


flashes flashing light is therefore 


is larger, and My. is smaller 


924 E ficiency of Flashing Lights 


relative 


Projector 


. rad 
Pat= | F dt+50(1—.08) 

) 06 
22+ 46 


68 lum-see 


Vium 65 


Efficiency jun 13 


Coie 


sv 


a 1.18 eff lum /lum-see 


Effective _ Fe _ 30 
Efficiency Vere 5.2 


The relative effective efficiency of the steady 


F 80 
Vote steady light 6.2 


| F, 80 
0). lee flashing light 5 2 


In case ¢, the conditions are the same as for case 


15.4 eff lum / wt-see 


light is 


b, except that the repetition rate is one flash every 


three seconds. For the flashing light we have: 


Qium | Fdt 22 T 2.92 < 50 


22 + 146 = 168 lum-see 


ium 


Efficiency jum 13 


168 
12.9 wt-see 


Qeiv 
F. sO 
Qrom 


Effective F. 80 
Efficiency Oven 


M p-r = 48 eff lum /lum-see 


168 


6.2 eff lum /wt-see 


12.9 
For the steady light, the electrical energy con- 


sumed during the three-second period of the flash- 


ing light cycle is given by: 


Voie 6.2 X 3 = 18.6 wt-see 


Therefore, the relative effective efficiency of the 


steady light is 


F s0 
oie steady light 18.6 


| F, 80 
Voie flashing light 12.9 
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“Invisible” Lighting 
For SAGE System 


Mow RN technology is producing many 


weapon systems whose performance has pushed 
nearly to a limit the capabilities of human opera- 
tors. It has long been recognized that, in a mod- 
ern manned interceptor, elaborate means are re 
quired to protect the pilot and provide him with 
an environment in which he can survive and op- 
erate efficiently. In the design of complex ground 
as the Air 
SAGE system for air defense, it is equally neces 


systems, such Defense Command’s 
sary to provide an environment in which humans 
can operate with optimum efficiency 

In the design of the SAGE system, which was 
conceived by the MIT Lincoln Laboratory, human 
consideration in all 
One of 


factors received primary 
phases of equipment and facilities design 
the factors which received considerable attention 
was the visual environment in operational areas 

Since World War II, when the first radar sets 
were put into operational use, the desirability of 
improving the working environment has been ob 
vious. Typically, radar installations have required 
a dark room with the only light coming from the 
illuminated controls on the consoles and numerous 
poorly shielded lamps for reading and writing. In 
addition, an edge-lighted plastic plotting board 
for a larger scale presentation of the radar infor 
mation has often held a prominent position in the 
room. These light sources have proved to be ex 
tremely annoying as to brightness ratios with sur 
rounding dark areas. They also detract from 
scope legibility, often producing a bright specular 
or mirror-like reflection on the scope face. A dark 
adaptation problem also exists in entering such a 
room from a normally lighted area. 

Research efforts aimed at alleviating these con 
dition were undertaken by the Air Force, Signal 
Corps and the Navy in this country, and by simi- 
lar organizations in Great Britain and other coun- 
tries. The basic concept of the Broad Band Blue 
Lighting System was formulated by the Ohio 


State University Research Foundation for the 


Wright Air Development Center. This concept was 


AUTHORS Francis Associates, Consulting Engineers, Marior Mass 
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further refined and adapted for use in the SAGE 
system jointly by staff members of the Lincoln 
Laboratory and Francis Associates, while the lat 
ter were working as consultants to the Lincoln 
Laboratory. 

The SAGE system display consoles are similar 
to the familiar radar PPI (Plan Position Indi 
cator) equipment except that they utilize a 19 
inch charactron display tube with a P-14 or P-7 
phosphor in place of the regular 14-inch cathode 
ray tube. They also contain a large number of 
pushbutton switches for communicating with the 
high-speed digital computer that forms the heart 
of the SAGE system. The console operator is faced 
with several tasks requiring different levels of 
illumination. First and foremost, he must be able 
to read a flashing display, somewhat similar to a 
regular radar picture, but randomly displayed 
across the face of the scope instead of generated 
by a rotating scan. The display is not continuous, 
but is periodically intensified and allowed to de 
cay. His secondary tasks include the operation 
of the appropriate switches, use of dial telephone 
equipment, reading of maps or printed material, 
note taking and, in some cases, supervision of 
other personnel in the room. It is obvious that the 
lighting requirements for these secondary tasks 
could well be in conflict with the primary require 
ment of display legibility. This conflict led to the 
development of the SAGE Band Blue 


Lighting System 


Broad 


Four specific requirements were set for the de 
sired system. Most important, display legibility 
must not be degraded by the lighting system. Sec 
ond, there must be enough ambient light in the 
room to permit reading clearly printed material 
Third, there 


should be enough general illumination for freedom 


and normal writing or note taking. 


of movement and proper supervision of person 
nel. Finally, the lighting system should minimize 
fatigue and cause as little operator discomfort as 
possible 

To fulfill these requirements, the design effort 
was directed toward two goals: reduction of non 


Fi ancis-A ye r-Hawk ws 





specular reflectons from the phosphor and elimi 


nation of specular or mirror-like reflections on the 


face and implosion shield 


Reduction of Non-Specular Reflections 


Several techniques have been devised to permit 
raising the level of general illumination in 
erational area without serious degradation in 
legibility of a cathode ray tube. These include use 
of polarized light and several restricted spectrum 
systems, such as the sodium-yellow, the mercury 


These 


a restricted spectrum or polai 


red and the broad-band-blue system 
all utilize 
er over the light source and another filter 
due to its spectral transmission or polar 
excludes room illumination from the 
ray tube. but allows the signal Irom the 
be transmitted 
major factors affecting cathode ray tube 
legibility are the absolute value of the display sig 
nal brightness and the ratio of display signal 
brightness to background brightness on the scope 
The signal brightness is often variable, as in 
ase of a search radar display. In the SAGE 
em. however. all displays are generated by the 
uter and are of equal initial brightness. The 
exact point of compromise between the signal to 
background ratio and the brightness of the signal 
itself depends on the display system. In this par 
ticular application, the signal level is relatively 
weak. because of the large quantity of information 
vhich must be displayed in a given time. Tests 
run by the Psychology Group of the Lincoln Lab 
oratory on a small group of subjects, plus equip 
ment considerations, indicated that the compro 
mise under these conditions should favor the sig 
nal strength rather than the ratio of signal to 
background brightness. The importance of this 
point lies in the possibility that a more effective 
lighting system might be achieved if a greater 
signal brightness were available 
Since the displayed signal brightness was es 
sentially a constant, the major requirement be 
ame that of increasing the level of room illumi 
nation without substantially degrading the signal 
strength or increasing the background brightness 
ie scope. Since the signal from the phosphor 
lies in the yellow-green region, a low pass filter 
that is transparent to these colors could be placed 
in front of the seope face without serious attenua 
tion of the displayed signal. If the room lighting 
s confined to another part of the specrum, such as 
the blue end by a band pass filter, it will not pass 
through the scope filter and therefore will not illu 
minate or activate the phosphor. This technique is 


known as the Broad Band Blue System, due to the 
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appearance of the room illumination. Earlier ver- 
sions of this system used standard Air Force orange 
and blue filters originally designed for instrument 
flying practice. Its adoption for the SAGE system 
led to further refinements in the use of these com- 
plimentary filters, which are now available com- 
mercially 

The exact choice of filters was governed by the 
spectral characteristics of the phosphor, the spectral 
output of the fluorescent lamps, the required com- 
promise between the signal-to-background bright 
ness and the signal strength, and the availability of 
suitable band pass and low pass filters. Appropriate 
curves showing the inter-relationships of these 
functions are shown in Fig. 1. The P-7 phosphor 
irve (Fig. la) shows only the persistent part of 
the signal and not the initial blue flash, which lasts 
only during the 25 microseconds while the beam is 
venerating a particular character or symbol on the 
tube face 

The important feature of the yellow filter curve 
is that it is chosen with a sufficiently low cut-off to 
pass essentially all the persistent signals from the 
P-7 phosphor. In this way, the full strength of the 
(lisplay signal is allowed to pass through to the 
operator with little more loss than with a completely 
transparent plastic or glass implosion screen 

The choice of a suitable blue filter is restricted 
by the availability of suitable blue dyes and by the 
inefficiency of standard fluorescent lamps in the 
blue portion of the spectrum. For these reasons, 
the blue filter chosen produces some light in the 
green region that can pass through the yellow filter, 
reducing somewhat tne signal-to-background bright- 
ness radio. This ratio could be improved by using 
a narrower band pass blue filter if the density of 
the blue dye or the thickness of the filtering plastic 
could be increased. Unfortunately, such an increase 
would lead to a lowering of the illumination level 
obtainable with any reasonable number of lamps 
The blue light output seen by the human eye is only 
4 or 5 per cent of the total light available if no fil 
ters were used. This can be seen in Fig. 1, by com- 
paring the area under the room illumination curve, 
R, with the area under the daylight fluorescent 
lamp curve, 7. This room illumination curve is ob- 
tained by multiplying the fluorescent lamp output 
curve by the blue filter characteristic and the cor- 
rection factor, E, for the human eye. 

The amount of room illumination that passes 
through the scope filter and is reflected back through 
the filter to be observed by the operator is too small 


BR. ¥- 


Two secondary advantages result from the rela- 


to be indicated in Fig. 1. Its value is 7 


tively wide band width of the selected filters. There 
is a characteristic reaction by most people to narrow 
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Figure 1. The spectral output, I, of a standard day- 
light fluorescent lamp and the unfiltered output, P, of 
a P-7 phosphor, exclusive of the initial blue flash, are 
shown in (a). The transmission characteristics of the 
blue, B, and yellow, Y, filters used are indicated in (b), 
along with the characteristic response curve for the 


human eye, E. The resulting filtered room illumina- 


band monochromatie light, leading to complaints ot 
nausea and dizziness. This effect is alleviated as the 
band width of the light is increased. In the case of 
the SAGE blue, the over-all effect is slightly strange 
unnatural compared with daylight or the artifi 
cial illumination to which people are accustomed 
The small minority, however, that complains ini 
tially about the color appears to adjust to it after 
The 


majority of people, after long exposure, experiences 


two or three visits of 15 or 20 minutes each. 


no discomfort 

The low cut-off of the yellow filters allows the 
use of simple circuits in the ‘“‘light gun,’’ a photo 
cell device used by an operator to indicate a par 
ticular piece of data to the computer. Since it works 
flash the 


persistent yellow signal from the phosphor, any 


on the initial blue-green rather than on 
further reduction in transmission of the scope filter 
at the blue end would require more sensitive and 


complicated circuitry 


cots Sadao 
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Figure 2. General arrangement 


of lighting in operational area, 


avuaust 1959 
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WAVELENGTH 

(MILLIMICRONS) 

(c) 
tion, R, and transmitted scope signal, S, as seen by the 
human eye, are shown in (c), It should be noted that 
the peak values of curves R and S have no relation to 
the actual amount of illumination or signal strength 
which results, but only the relative attenuation of the 
spectral outputs, / and P. 


Physically, the yellow scope filter is a 14-inch 
thick flat sheet of Plexiglas, mounted directly in 
front of the face of the charactron display tube, as 
shown in Fig. 2. In this way it also serves as the 
customary implosion screen to protect the operator. 

The blue of 


tubes that slide over standard 40-watt daylight flu 


filters consist extruded Plexiglas 
orescent lamps Molded rubber caps are used to hold 
the filters securely and seal them at the ends of the 


lamps to prevent leakage of white light. 


Specular Reflections 


With a of 


specular reflections from the surface of the yellow 


higher level room illumination, the 


filter implosion screen had to be significantly re 


duced. This was primarily a mechanical or physical 


problem which could be resolved by careful shield 


ing of the light sources and control of brightness 
and brightness contrasts in the room. The most di 


rect, but unfortunately the least desirable, approach 
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is the use of a closed hood or conical shield over the 
face of the tube. In addition to the awkwardness 


of such a device, the necessity of performing the 


secondary tasks of reading, writing and operation 


of the scope controls precludes its use for anything 
but laboratory equipment. It was found, however, 
that a small visor at the top of the scope would not 
hinder operation of the controls and could prevent 
some of the direct light from falling on the scope 
face. Therefore, a visor extending approximately 
six inches out from the top of the scope face was 
added to each console 

The basic philosophy adopted for this phase of 
the work is that surfaces and objects having both 
low brightness and low brightness ratios with one 
another will not create distracting reflections in the 
scope face visible to the operators Use of a large 
uniform low-level source of illumination was nec 
essary if the required brightness ratios were to be 
realized. Therefore, a totally indirect lighting sys- 
tem was adopted. This, in itself, was not a complete 
solution, however, since the indirect fixtures ap 
peared as dark rectangles against the reflective ceil 
ing, which was too bright at any reasonable illumi 
nation level It was necessary to shield the entire 
eiling area from the scope operator’s reflective 
one of vision and create a dark, uniform reflection 
in its place. A diffusing medium such as a suspend 
ed plastic ceiling would hide the fixtures, but would 
still be as bright as the original reflective ceiling for 
a given illumination level in the room. The use of 
vertical louvers, allowing vertical light rays to pass 
into the room while blocking the more horizontal 
rays which would appear as reflections in the scope, 
resolved this difficulty. If the cut-off angle or thick 
ness of the louvers is chosen properly all the opera 
tor will see as a reflection on the yellow filter are 
the sides of the louvers. Painting the louvers a suit 
able shade of g 


a dark unlighted ceiling to the operator 


ray will then create the impression of 
Therefore, 
the cut-off angle of the louvers was chosen as 62 de 
vrees, since the average small man cannot see reflec 
tions at an angle greater than this from a normal 
viewing position. This geometry is illustrated on 
the display console shown on the left in Fig 2 
Because the display consoles in the SAGE system 
are placed in many different orientations, it Is es 
sential that the louvers have the same appearance 
vhen viewed from any direction. Therefore, hexag 
onal cell louvers were chosen in preterence to square 
or parallel plane designs. The size of the cells is also 
sivnificant, since a small cell louver on the order of 
;-inch or so across the flat sides of the cells creates 
a textured pattern on the scope face which the eve 
an easily ignore. A larger cell size, on the other 


hand, causes images of the individual cells on the 
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scope face which are distracting to the operator. 

Adoption of a small cell louver introduced new 
difficulties in design of a suspension system which 
would not create disturbing images in the scope 
face. The most satisfactory solution makes use of 
standard T-bars painted the proper shade of gray, 
so that the light reflected from the floor causes 
their lower surface to have the same brightness as 
as the vertical sides of the louvers. If this matching 
of surface brightness is proeprly done, the suspen- 
sion system will blend into the ceiling pattern and 
be virtually indistinguishable to the scope operator. 

secause these louvers are considerably deeper 
than normal, the slightest lack of uniformity in the 
light passing through them causes objectionable 
variations in their brightness when viewed from 
below. It was found necessary to allow approxi- 
mately five feet of clearance between the louvers 
and the reflective ceiling above them to provide the 
necessary uniformity and prevent shadows of the 


When 


this clearance is unobtainable, a direct lighting svs- 


indirect fixtures from falling on the louvers 


tem may suffice, but extremely careful engineering 
and testing are necessary if striping of the louvers 
is to be avoided. 

Once a ceiling with dark appearance is achieved, 
it is necessary that the upper portion of the walls, 
also visible to the operator as a reflection, have a 
similar appearance. In order to obtain maximum 
utilization of the illumination available, it is de 
sirable that all surfaces not visible to the operator 
be as light as possible. Thus, the ideal situation is 
one with a dark ceiling, walls of matching darkness 
at the top and gradually growing lighter towards 
the floor, and a light floor. With the direct vertical 
light rays from the ceiling, this condition will pro 
vide the proper distribution of light for reading 
and ready movement of personnel around the room 

This effect is achieved by careful specification of 
the reflectance value of all finishes used in the room 
Brightness of the upper wall was matched with the 
brightness of the sides of the louvers directly ad- 
jacent by control of the reflectance value of the wall 
paint. Since more light passing through the louvers 
strikes the lower portion of the wall, the wall be- 
comes gradually brighter from the ceiling to the 
floor 

The visual environment created for SAGE was 
tailored to the specific requirements of that system 
and has been proved workable. Other systems have 
different requirements which may require a com- 
pletely different approach. 

The Broad Band Blue environment is currently 
being incorporated in all SAGE installations and a 
modified version is planned for the Missile Master 


System for anti-aircraft defense control 
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I.E.S. LIGHTING DATA SHEET 


A.I.A. Pile No. 31/ 


INSTALLATION AT COLUMBUS AND SOUTHERN OHIO ELECTRIC CO., COLUMBUS, OHIO. 


Lighting a General Office 


LIGHTING OBJECTIVE: To provide a high level of comfortable illumination for regular office work, 


which includes occasional blueprint work. 


GENERAL INFORMATION: This general office area, which measures 60 feet by 95 feet with a nine- 
foot ceiling, has the following reflectances and colors for its major room surfaces: 
ceiling white 77% RF floor buff 53% RF 
walls light mahogany 29% RF desk tops gray 50% RF 


INSTALLATION: An average illumination level of 152 footeandles was provided after about 5000 hours 
of operation by 143 Smitheraft catalog No. PAN 3-40S troffer units, each equipped with three 40- 
watt T-12 cool white lamps. These units are recessed in continuous rows on six- and seven-foot cen- 
ters in a metal pan ceiling supported by T-bars. 

Brightness readings after about 5000 hours’ operation were : 
luminaires 
at 45 degrees crosswise 942 fL (maximum ceiling 5 fL 
at 30 degrees crosswise 406 fL. (maximum walls 25 fL 
at 45 degrees lengthwise 695 fL (maximum floor 86 fL 


at 30 degrees lengthwise 532 fL. (maximum desk top 78 fL 


Lighting designed by Columbus and Southern Ohio Electric Co.; Contractor: Electric 
Power and Equipment Co., Columbus, Ohio. 


Lighting data submitted by B. D. Russell, Commercial Lighting Supervisor, Columbus 
and Southern Ohio Electric Co., Columbus, Ohio, as an illustration of good light- 
ing practice and to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
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1.E.S. Guide for 
Reporting General Lighting Equipment 
Engineering Data 


Prepared by the Subcommittee on Guide for 
Reporting Lighting Equipment Engineering 
Data of the Committee on Testing Procedures 

for Illumination Characteristics 


Foreword 1. Purpose and Scope of Guide 


ested report form for the presentation of (a) It is not the purpose of this guide to estab- 
data on lighting equipment,’ prepared lish a standardized report form. It is the intention 
2.8. Committee on Testing Procedures for of the committee only to provide a reference guide 
on Characteristics and the Committee on for use in the design of report forms, suggesting a 
Performance Recommendations, ap practical format and terminology for presenting 
August 1949 issue of ILLUMINATING the information obtained from a typical photo 

It was the intent of the committees metric test 
d form b as a guide by manu (b) No attempt has been made in this guide to 
agencies in preparing forms discuss test reports for anything other than general 
on of photometric and other per lighting luminaires. The manner of reporting test 
lighting equipment data on floodlights, streetlighting luminaires and 
this publication, the commit other specialized equipment can be more effectively 
ived numerous sugeestions treated in the I.E.S. guides on testing procedures 
ts upon the original guide. Also, 2. General Information 

some sections of the form proposed in 1949 have 


ipplicable. In view of this, the fol (a) The subject matter of a photometric test 


since become inap] 


sed guide is now submitted report can be roughly divided into three areas: 


general information, photometric data and applica 
tion data. The application data may include coeffi 
ients of utilization, comfort ratings, recommended 
maintenance factors and similar information. The 
photometric data would be the eandlepower distri 
bution data, lumen output values, brightness fig 
ures, etc. The general information provides the 
background material for the other two categories 
and is therefore of vital importance 

(b) Fig. 1 shows the minimum general infor 
mation which should be included. The first require 
ment is a descriptive title to indicate what is being 
reported. The names of the manufacturer and test 
ing agency, the report number and date of test are 
important information and should always be shown. 

(c) A detailed description of the item tested 
should always be included. The luminaire (or lamp) 
should be listed both by its trade name, if any, and 
its official designation such as the catalog number, 
sample number, ete. This description should give a 
clear picture of the type of luminaire, such as 


“Porcelain enamel, open-end industrial luminaire 
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Lighting Equipment Engineering Data 
Manufacturer's Company Name 
Laboratory Date Report No. 
Luminaire Designation 
General Description 
Reflectances Transmittances Figure 1. Illustration of general 
information which should 
Lamps be included in report. 
(Number, type & watts each) 
Rated Lumens Each Rated Brightness 
Auxiliary Equipment 


Classification: CIE IES 


(Direct and Semi-Direct Luminaires) 


This report is based on test methods in accordance with |.E.S. Guides to 


Testing Procedures. 


with apertures” or “Surface-mounted commercial mended that the report contain an explanatory 


luminaire with white painted metal sides and plas statement such as the following: 


tic louvers.” Reflectance and transmittance figures “This report is based on a nominal rating of 

should be given for all light controlling parts in lumens per lamp. In service performance is materially 

3 influenced by ballast characteristics, lamp efficacy, 

cluding reflectors, louvers, center shields, cover ambient temperature, operating position and luminaire 

glasses, ete. condition, all of which may differ from the actual test 
(d) The description of lamps should consist of conditions.” 


e umber, type, rated watts, rated lumen ver ‘ . . . . 
eaagueret acta . Ye =. 3. Distribution Curve and Data 
lamp, rated brightness, color, bulb shape and any tes 

(a) The presentation of candlepower distribu 


other information which relates to the performance 
tion data can be done vraphically with candlepower 


of the luminaire or the interpretation of the test : 
curves, with tabulated data or with both. If the 


results. Auxiliary equipment, insofar as it could ? 
: distribution curve is to be the primary source of 


affect the results of the test, should be described in ies 
letail information it should be large enough, and aecu- 
aetal 


(e) Classification of the luminaires by distribu 











tion using the C.I.E. (formerly 1.C.I.) system is 





widely recognized and should be shown. The I.E.S 
classification,” based on. the spacing-to-mounting 
height ratio should be included for direct and semi 
direct luminaires 

(f) In any case where the data presented on a 
test report could be substantially different than the 

















actual performance of a luminaire when operated 





on the premises of the purchaser, the possibility of 





this variance should be clearly stated on the report 
For instance, in the photometric testing of fluores 
cent luminaires, if done in accordance with the 
1.E.S. Guides to Testing Procedures,* all candle 
power and lumen values are based on the assump 


tion that the lamps are delivering their rated lumen 

















output. This leads to a photometric test report 





which is entirely independent of ballast and lamp c 2 


performance In this and similar cases it is recom Figure 2. Several useful arrangements of polar charts. 
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narily the candlepower would be shown in ten- 


eo 
PLANE OF MEASUREMENT degree steps, but in the case of luminaires with 
9° | 2oue] us® | 67ap] 90° narrow or irregular distributions, it may be neces 
a 


sary to use five-degree or even smaller steps to vive 








+— 





a complete picture. The advisability of printing 
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particular angles on the report form (see Fig 
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rests on the likelihood of different zones often being 


Ki 


used 


(d) <A tabulation of zonal lumens as shown in 


I 


= an anon on on oon mm eee 


TT 
ig 1S 
Ay 


Fig. 3 is especially important since the adoption of 


re 


the zonal method of calculating coefficients of utili 
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zation. A progressive summation of lumens may 


a 
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be included, but should be in addition to the tabu- 
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lation of lumens in each ten-degree zone as shown 
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t in Fig. 3 
mam oi (e) Fig. 4 shows a tabulation of total lumens in 


TEST DISTANCE _____ F various significant zones. While this information 
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Figure 3. Tabulation of candlepower and lumen data. could easily be calculated from the information 


Space for different or additional planes may be pro- shown in Fig. 3. it is a convenience to the user to 
vided. (0 degrees is the longitudinal axis.) have it already given. Since the zones selected 


could vary, the zone designations would not nor- 





mally be printed on a report form intended for 


TWMEN | PER CENT | PER CENT 


N 
ate SUMS BARE LAMP | LUMINAIRE general use 





O25 30° _} —| ' , 
0° alat® — 1. Brightness Data and Shielded Zones 
02 60° 
(a) The brightness data to be reported is in 


many cases determined by the L.E.S. guides on test- 








ing procedures for the various types of luminaires 


1 These normally recommend that the maximum 
EFFICIENCY OF LUMINAIRE : ; : ; ; 
brightness in various zones be measurel. When 














Figure 4. Tabulation of lamens in major zones. (Zones this is the case, the block for reporting brightness 
other than those shown may be preferred.) data would include a column for the zones, a col 
umn for the angle within these zones at which the 


rate enough to provide reliable information. The maximum brightness occurred, a column for the 


enter of the polar web may have any of several 





positions, depending upon the type of unit tested 


SHIELDED ZONES BELOW HORIZONTAL 
CROSSWISE ——__ LENGTHWISE ——_ 


See Fig. 2 


(b) The distribution curve serves as a “picture 





of luminaire performance and while this is all that 





is needed in many cases, the laboratory that sup 
plies the report can never foresee what additional me BRIGHTNESS 
Ises Tas be made of the candlepower data The ZONE CROSSWISE LENGTHWISE 

plotting and reading of rapidly changing and rela B | ANGLE |APER*| 8 | ANGLE | APER? 











tively small candlepower values from a polar dia 
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rram becomes MM precise Tabulation of candle 
er data is accordingly much to be desired. Cut ] 
rent emphasis on computations of comfort requir 
that data at high angles be quite re liable 
(ec) Tabulated data should be comprehensiy 
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eh to satisfy the needs of all possible users of 
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the report. Candlepower data should be shown 
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: # DIMENSIONS OF TEST INSTRUMENT APERTURE 
non-uniform distribution. Averaged candlepowers FOR CANDLES/SQ IN. DIVIDE VALUES ABOVE BY 452 





all planes tested in the case of luminaires with a 


seri | ‘ } pur 1 err ) ‘. - P ° . 
ll only for computing zonal lumens, need not Figure 5. Possible arrangement for tabulating bright- 


be shown where zonal lumens are tabulated. Ord ness data and shielded zones. 
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Figure 6. Graphical methods of reporting brightness. 


actual brightness and a column for the dimensions 
of the test instrument aperture.* Fig. 5 shows a 
possible arrangement for this information 

(b) An alternate (or supplementary) method of 
presenting brightness data is that shown in Fig. 6 
Here the brightness values are given graphically 
on a coordinate system with brightness values 


While 


this method of presentation makes it slightly more 


plotted against the angle of measurement 


difficult to read the maximum brightness within a 
particular zone, it certainly simplifies the record 
ing of average brightness values (curves of Fig. 6 
where these are to be included. The rectaneular 
plot is favored as eliminating possible confusion 
with polar candlepower distribution curves 

(ec) The actual brightnesses can be given in 
terms of candles per square inch or in footlamberts 
The unit used should be plainly shown.and the 
conversion factor should also be shown. As shown 
in Figs. 5 and 6 the direction of measurement 
should be given in terms of the angle from nadir 
straight down) rather than the angle below the 
horizontal 

(d) The term “shielded zones” refers to the zone 
or zones over which the light source is shielded 
from direct view. Recommended practice is to list 
the shielding angles in terms of degrees below the 


net there exists an established guide covering the 


test beir reported, it is sound practice to include infor 


on the measuring instrument In the absence of a univer 
accepted standard practice for the measurement of brightness 


ortant to the technical reader to know the aperture 
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horizontal.* When an intermittent shielding condi 
With most fluo 


rescent luminaires two shielding angles are given, 


tion exists, it should be reported 


the crosswise shielding and the lengthwise, and 
reported in that order. With some luminaires it 
may be desirable to report the shielding to the light 
center, lower tip of luminous are, or lower edge ot 
phosphors with mereury lamps, and possibly the 
tip of the bulb in the case of inside frosted lamps 
Ilowever the shielding is measured, it should be 
completely described in the report The luminaire 
element providing the shielding should be identi- 


fied in the sketch of the luminaire 


5. Application Engineering Data 


(a) This section of the report, together with 
the candlepower distribution data is the most im- 
portant part of the report for the majority of 
users. The form shown in Fig. 7, already in use by 
some manufacturers, is offered as a good exampl 
Information calculated by others from data sup 
plied by a testing agency should be labeled as such 

(b) The Zonal Factor Interflectance Method ot 
calculating coefficients of utilization has been offi 
cially approved by the Council of the Illuminating 
Engineering Society.4 Since it may be some time 
before all existing data have been revised, a nota 
tion should be made as shown in Fig. 7 indicating 

was formerly speci 


Cut-off and shielding 


vs adds up to 90 degrees 
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Figure 7. Example of form for tabulat- HEIGHT 08 

ing application engineering data. MAINTE- 1.0 
NANCE 1.25 
FACTORS 15 
2.0 
2.5 
MED 3.0 7 aie 
a 8 ; 4.0 J . 4 
POOR A | 5.0 
“oefficients of utilization computed by 
1953 & 1955) 
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Zonal Factor Interflectance Method 


as approved by IES 


the method of calculation. For the same reasons, will serve to remind the user that the room indexes 


t is suggested that coefficient of utilization tables are more than mere letters, they have a definite 


Second, it will simplify in- 


covering lamps with integral reflectors bear nota mathematical source. 


tion to the effect that the coefficients are based on terpolation when the user desires a higher degree 


the lumen output of the processed lamp in keeping of accuracy than is provided by the room index 
with re ommended | E s practice The room sur letters. 
(d) The manufacturer should provide suggested 


maintenance factors and although the information 


face reflectances for which coefficients of utilization 


are calculated may vary depending upon the appli 
may be shown elsewhere, a space showing upward 


and downward distribution data in the form illus 


trated at the left of Fig. 7 is often a convenience 


ation and the type of luminaire. The values used, 
however, should include those listed in the tables 


shown here as the minimum number suggested by 


the I.E.S. Lighting Design Practice Committee.* to the user. The maximum spacing-to-mounting 


height ratio for direct and semi-direct luminaires 
Industrial Luminaires should be shown and should be calculated in ac- 
10 Per Cent Floor Reflectance cordance with standard I.E.S procedure . 


6. Sketch of Luminaire 


A sketch of the luminaire tested is an important 
part of the report. It is recommended that this 


Other Than Industrial Luminaires sketch be as realistie as possible see Fig. 8), show- 


10 Per Cent Floor Reflectance ing over-all dimensions, dimension of louvers and 


shields, location and spacing of lamps, ete. The 

points and angles at which maximum brightness 

reading were made may be shown here with arrows 

indicating the angle of measurements and extend- 

ing as closely as possible to the luminaire part 
The form shown in Fig. 7 contains a column whose brightness was measured 


too! Ratio adja ent to the Room Index 
showing the room ratio values for which References 
' ommittee or m o *erformance Re 
ints were cal ulated Lin lusion ol this . mr ~ setter Enaiianes ee Data 
have a double benefit First r MINATING ENGINEERING, Vol. XLIV, No. 8, p. 482 
4 Committee or Illumination Performance Recommen 
the I.E.S Classification of Luminaires by 
MINATING ENGINEERING, Vol. XLIX, No. 11, p 
1V54 
Committee « Testing Procedures for Illumination Character 
s of the I.E.8 I.E.S. Guide for the Photometric Testing 
iorescent Luminaires ILLUMINATING ENGINEERING, Ve XLIV 
p. 413 (July 1949 
Committee on Lighting Design Practice o 
ents of Utilization ILLUMINATING ENGINEERIN¢ 


f the 1.E.S Cal 

cs i 
No. 5, p. 385 (May 1956 

4 Committee on Lighting Design Practice of the I.E.S., Unife 

Methods of Presentation and Calculation of Room Index, Coeffi 

ients of Utilization and Maintenance Factors," approved 

Council of the [Illuminating Engineering Society February 1950 


Figure 8. Example of sketch of luminaire. r yublished 
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Views and Opinions: 


New IES Footcandle Levels 
In Residences 


One of the problems in residential lighting 
studies is the fact that there are nationally very few 
experienced persons, relative to other lighting fields, 
who make illumination measurements either in an 
accurate manner or in accordance with methods set 
forth by the Society. For this reason many people 
may believe the attainment of the new recom- 
mended levels for homes is more simple than it is 
The levels can be attained if little or no attention is 
paid to lighting quality. However, portable lamps 
and fixtures of typical designs on the market using 
appropriate available light sources will not supply 
the recommended footeandles for the more critical 
visual activities that are stated as ‘“‘minimum on 
For example, on a study 
20 200 /250-watt 


the task at all times.’ 
desk the 200-watt filament of a 
bulb in an 8-inch CLM bowl and an accurately pro- 
portioned and placed table lamp, will give an aver- 
age of 70 footeandles on the test plane. However, 
on that side of the plane away from the lamp, it is 
not possible to obtain the specified 70 footeandles 
And if we are to apply a mere 10 per cent for a 
depreciation factor, the initial lowest footcandle 
reading should be 77! Two such desk lamps, using 
200 watts each, would supply the demanded foot 
candle level in time and space, but this becomes an 
impracticable recommendation for use with all but 
large desks. 

We have been able to attain on an average basis 
not on the basis of the recommended level every 
where on the task at all times) the new footcandles 
for typical critical and prolonged tasks in a family 
room by the use of slightly under 10 watts per 
square foot. The area is about 280 square feet, wall 
reflectances near 40 per cent, floor 30 per cent, ceil 
ing 70 per cent. The installation includes five well 
designed local luminaires augmented by fluorescent 
wall lighting on four walls and eight downlights 
The comfort in the room is high. Cost is far beyond 
what the industry has vet been able to sell to the 

majority of home owners 

In a small living room, about 170 square feet with 
high wall and ceiling reflectances, we have obtained 
average levels only between 30 and 50 (fe) at four 
reading positions and 100 at one sewing position, 


with a total of 8.5 watts per square foot, all in- 
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candescent and all five equipments typical of cur- 
rent good design. It must be pointed out that com- 
fort is not good in the room and the effects not as 
emotionally acceptable as in the above darker walled 
and larger room. 

It will take considerable time before the recom 
mended levels, at least those above 30 or at most 50 
footeandles, are widely accepted or can be put into 
practice generally, except possibly in the utility 
areas. To meet the new standards, new equipment 
designs will need higher output sources and/or new 
arrangements for multiple sources. The following 
considerations should be borne in mind: 

1. The history of residential lighting in the past 
30 years emphasizes the ‘‘snail’s pace’’ of progress. 
Even with the national BLBS and LBE promotions, 
less than 15 per cent of the homes today will meet 
the previous IES standards published for over ten 
years. Currently 62 per cent of American homes 
have less than a total of 25 bulbs in six rooms (ap- 
proximately 75 bulbs are required to meet the 1953 
IES Practice and it is assumed more will be re 
quired for the new levels). 

2. New equipments and very likely light sources 
will have to be designed to produce realistically and 
comfortably the levels demanded (minimum on 
tasks at all times). If presently available equipment 
of the best designs for lighting performance is aug 
mented by lighting elements built-in or on the house 
structure, the standards can be met. To date the 
costs involved have not been accepted by the aver 
age home owner or builder 

3. With ineandesecent bulbs, heat problems are 
going to increase in typical portable lamps. Today 
the 300 watts in the three-way lamp represents the 
maximum lumens attainable from a single bulb and 
these do not produce the required footcandles for 
critical work. There is already some objection to 
the heat from the use of 800 watts 

4. Experience indicates that many families feel 
that the atmosphere of the home should have a re 
laxing and emotional appeal and should be very 
different from the work world. Very generally low 
light levels are thought to be synonymous with the 
‘‘homey’’ environment. In the best installations 
which met the previous IES standards, provision 
was always made so that low levels were obtainable 
when critical visual work was not being done. 
Mary E. Wesper, General Electric Co., Nela Park, 


Cleveland, Ohio 
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American Delegates 


Seen Between Sessions at CIE 


John Chorlton (Canadian delegate), R. P. Teele, Art Barr Foster Sampson, Professors P. F. O’Brien, E, M Strong 





Bob Carson, R. C. Putnam Laurence Harrison, L. C. Twichell S. K. Guth with Dr. Ward Harrison 


Ruby Redford, Mrs. R. P. Teele, Mrs. J. W. Young Bill Griffith, Dorothy Nickerson 
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International Aspects of Lighting 
CIE Congress, Brussels, June 15-24 


Delegates from 24 countries convened 


in Brussels in June for two weeks of 


lighting infor 
14th Ses 


four years) of the Com 


extensive interchange of 


mation. The eecasion was the 
sion (one eve ry 
mission Internationale de |’Eelairage (In 
ternational Commission on Illumination 
held at the Palais du Congrés in Brussels, 
15-24. Fifty-two of 
gates attending the Congress were from 
the United States, all of these LES mem 
The National Com 


mittee, which for years has been an ac 


June the 500 dele 


bers. United States 
tive and respected part of this interna 
tional group of lighting experts, is head 
Herbert H. Magdsick, 
Barbrow, National 

Willard 


President, and 


ed by President ; 


Standards, 


Bureau of 
Secretary ; Brown, 
General Eleetrie Co., Vice 
a) Wakefield, Wakefield 
Inc., Treasurer. Americans attending this 
afforded a 


and rewarding opportunity of seeing and 


Lighting, 


meeting were most valuable 


discussing advances in lighting all over 


the world, both seientifie and application 


AT RIGHT, wing of splendid new Palais 
the 1959 Congress of the Commission 


BELOW: Registration at the USA booth at CIE meeting. 


The USNC cordially invites further mem 
bership and participation in its work in 
international lighting affairs. 

During the first week of the Session 
parallel meetings were held, at which 16 


Committees of Experts, who work con 


tinuously in the fields of activity assigned 
reported on the progress and 


Also, 13 Seeretariat 


to them, 
status of their work 


Committees reported on the advances 


which have been realized in their fields in 


all parts of the world during the past 


four years, and presented bibliographs 


covering that period, All of the sessions, 
committee reports and papers were trans 
lated 


simultaneously by multi-lingual 


into the three official lan 
CIE 
The 


Congrés in Brussels is equipped for this 


translators 


guages of French, English and 


German. splendid new Palais du 


service, with sound-proof translator 


ear phones and microphones at 


United Nations. Thus, 


booths, 
each seat, as in the 
session chairmen, speakers and diseussers 
audience 


from the may make all their re 


du Congrés, Brussels, site of 


Internationale de lEclairage. 


From vight: 


Ben Hartmann, Art Barr, Willard Brown and Sylvester K. Guth, 


h 
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language familiar to them. 


uniformed 


marks in a 


Belgian Committee hostesses 

were prepared to assist delegates in any 

of eleven languages, including Arabic. 
Three 


Experts were prepared and presented by 


of the reports of Committees of 
United States Chairmen. These were the 
Secretariats on: Colorimetry D B 
Judd, Chairman; Causes of Discomfort in 


Lighting S. K. Guth, Chairman, and 


Airborne’ Lighting = Edwards, 
Chairman. 

American delegates were also assigned 
USNC to each of the 


Secretariat 


by the ‘cover’’ 


other reports and working 
sessions, for a report on other 
work to the United 


held at the end of 


committer 
countries’ States 
Caucus each day's 
sessions, and to speak the American view 
All 52 
delegates met in eaueus each day, 
Mr. Magdsick as 
discussion of the delegates’ 


Three of 


point, where required. American 
with 
Chairman, for a full 
reports 

the 23 papers given at the 
Congress were by American delegates. 
interest was 
work these 


R. Blackwell, Professor 


Considerable international 


evident in the deseribed in 
papers by Dr. H 


pode LOA 
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TWO leading scientists in illumination discussing their FROM the floor—tlively discussion (here by C. L. Crouch, 
theories at CIE. Left, H. C. Weston of Great Britain; USA), with simultaneous translation in French, English 
behind desk at right, H. R. Blackwell, USA, and German, three official languages of CIE. 


Dive rsion and relaxation were provided 
by an exeellent social program. Between 
technical meetings and over weekends 
delegates enjoved a number of exeur 
sions. These included a trip by large 
ship up the River Shelt from Antwerp, 
with dinner aboard; bus exeursion to 
Overijse, famed grape-growing area, 
where the group visited the acres and 
vwres of greenhouses of Belgium’s huge 
blue grapes and were guests of the mayor 
of Overijse for mid-afternoon refresh 
ments of grapes, champagne and the 
country’s good cheese; a Sunday trip to 

= the Belgian Coast, ineluding three hours 
2 alee estenee: it Bruges, with a wonderful Breughelian 
supper and dancing; a hike almost 1000 
people strong through the Forest of 
Soignes. Evening entertainment included 
a candlelight Mozart econeert: a recep 
tion with dancing at the beautiful 16th 
FROM the stage—American delegate = (Century Brussels Town Hall; a theatre 

Sylvester K. Guth expounds on com- 

fort-discomfort studies. 





FEATURE of United States participation at CIE was daily Caucus of 

American delegates. Above, general view of caucus; at left, USNC 

officers, from left to right: Willard C. Brown, L. E. Barbrow, Herbert 
H, Magdsick (USNC President) and T. D. Wakefield. 
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PUTTING COLOR 
IN THE “FLOODS” 


AT GRAND COULEE DAM 


Here’s your problem: Bathe the Grand 
Coulee Dam jin a rainbow of colors 
But keep in mind that no fragile ma- 
terial will do because there’s heat from 
the high-powered floodlights, cold 
water spray, and the wearing effects of 
year-round weather. 

The solution? Pyrex brand heat- 
resistant colored cover glasses from 
Corning, 686 in total. Each weighs 7 
pounds and measures 18 inches across. 
There are reds, greens, vellows, and a 
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special blue developed to produce 
white when added to red and green 
This special blue was just another of 
Corning’s many contributions to the 
lighting industry. 

Suggestion: Whatever your lighting 
need—color correction, direction and 


Ww CORNING GLASS W 


RE ARCH IN GLAS 


CORNING VE 


Photograph courtesy of Bureau of Reclamation 


6@¢: @ 


control, protection, decoration—you're 
invited to make use of Corning re- 
search and production facilities. 

A note outlining your wants will 
bring a quick answer. Write to Corning 
Glass Works, 61 Crystal St., Corning, 
New York. 


RKS 


Airport runway morker 2. Traffic signal lens 
3. Street light refractor 


{lem 


4. Pattern No. 70 Lens 


Panel for commercial applications. You might find 
just what you're looking for in our standard line 





BUR 
Hall. 


GOMASTER’S Reception at Town 
At left, the Herman Lazersons; 
right, the Willard C. Browns. 


ALSO on social program, Brueghelian supper at Wiese—rery festive occasion! 


Lighting 


Vews 


New Officers Elected for CIE 


At the final Plenary Session of the 
CIE Congress in Brussels on June 24, 
officers were elected to serve as Execu 
tive Committee for the coming four years. 
Elected as President of CIE was Ivar 
Foleker (Sweden), succeeding J. W. T. 
Walsh (Great Britain), who has served 
the group as President during the past 
four years. 

Three Vice-Presidents have been re 
elected to another four-year term: A. A 
Brainerd (USA), R. Deaglia (Italy), and 
Hofrat L. Fink (Austria). A new Vie 
President will be Prof. L. Schneider 
(Germany), succeeding M. Jacob se] 
gium 

W. E. con Hemert of the Netherlands 
was re-elected as Treasurer, and Prof. Y 
Le Grand (France) was also re-elected to 
another term as Secretary. 

Other committee elections were: Fi 
nance Committes Chairman, W E 
con Hemert (Netherlands); Members 
R. Apestrand (Norway), J. G. Holmes 
Great Britain), F. Krones (Austria 
and A. Tehetchik Israel). For the Pa 
pers Committee: Chairman, M. Cohu 

France); Members: H. Korte (Ger 
many), Russell C. Putnam (United States 
of America J M. Waldram G t 
Britain 

These officers and committee personne! 
will serve until the next meeting of CII 
scheduled to take place in Vienna, Aus 


tria, in 1963 


ASTM Elects 
1959-1960 Officers 


Official announcement of the results of 
the American Society for Testing Mat 
rials’ election of officers for 1959-1960 
was made at the 62nd Annual Meeting of 
the Society, June 21-26, Atlantic City 
N.d Those elected include: President 
F. L. LaQue, International Nickel Co 
Viee-President—Miles N. Clair, Thomp 
son & Lichtner Co.; three-vear terms on 
Board of Directors—A. B. Cornthwaite, 
Department of Highways, Commonwealth 
of Virginia; C. L. Kent, Jones & Laugh 
lin Steel Corp.; H. C. Miller, Public 
Service Electrie and Gas Co. (N. J 
C. E. Nixon, General Motors Corp.; 
H. D. Wilde, Humble Oil & Refining Co., 
and I. V. Williams, Bell Telephone Lab 
oratories. 

In aceordanece with a change in the So 
ciety’s by-laws, Robert D. Thompson, 
Taylor Instrument Co., was elected to a 
two-year term on the Board of Directors 
4. Allan Bates, Portland Cement Asso 
eation, continues in his two-year term as 


Vice-President. 
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TOTALLY NEW !...Recessed 2-Foot Wide Luminaires... 


In Two Lens Designs... 

Nos. 6400-6410: with Prismatic Border for ceiling illumination 
(upper) 

Nos. 6420-6430: with Flat CONTROLENS for unbroken ceiling lines 


(lower) 
Basic units are made in 4-foot lengths (2, 3 or 4 rapid start 
lamps per section) ... Distinctive design integrates with contem- 
porary interiors... stores, offices, terminals, showrooms, banks, 
drafting rooms, schools and other institutional buildings. 


The Only Luminaires Made with ALL these Advantages! 


(1): Highest utilization of light; minimum brightness and glare... (2): PRISMALUME (crystal acrylic plastic) 
for extra-durable service; no discoloration 


recessed portion of luminaire...(4): 
(5): Great versatility; models for major, 


... (3): Supporting cross-members do not project above top of 


Easy adjustment on irregular ceilings or in alteration work.. 


commercially available, ceiling types ...(6): Completely designed 
and produced by HOLOPHANE — with over six decades of experience devoted exclusively to lighting. 


HOLOPHANE COMPANY, INc. 
Lighting Authorities Since 1898 
342 Madison Ave., New York 17, N. Y. 





Here and There 
With IES Members 


Special invitations went to Sustaining 
Members, utilities and distributors in 
the area for Puget Sound Section’s 
luncheon meeting with National Presi- 
dent G. J. Tavlor. Shown here at the 
head table are: Seated, lL. to r.. B. A, 
Travis, Pacific Northwest Regional 
President Taylor; R, E. Jones, 
Section Chairman. i 
Secharr, Sustai « Membership Chair- 
man and Sustaining Members A. C. 
Ivler, Seattle City Light Co.: R. F. 
Pivmire, Puget Sound Power & Light. 


Program highlight of the Southern 


California meeting honoring Sustain- 


ing Members (above) was MMILJ 


competition by, left to right, Mel Paul, 
first prize; Norman Tyler, third prize; 
Jack Gates: Charles Conn: Bill Weist, 


second prize and Bill Reed. 


Sustaining Members’ Night at Southern 
California Section’s last meeting of 
1958-1959 vear. Some of the IES 
supporters shown here with Roy Dahlin 
(left), Section’s Sustaining Member- 
ship Chairman, are, in the usual order: 
L. C. Witt, City of Glendale, Public 
Service Department; G. R. Thedaker. 
City of Burbank, Public Service De- 
partment; Ted Shepherd. City of Los 
Angeles, Department of Water & 
Power; (B. J. Hartmann, Section Vice- 
Chairman); Ed Balogh, Sunbeam 
Lighting Co., Gene Wade, Acme Light- 
ing and Mfg. Co.: Clem Smoot, Smoot- 


Holman Co. 
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Representing the Sections and Chapters of the Pacific Northwest Region were, 

left to right: Fred Dorward, Edmonton; Graham Foster, British Columbia; 

Regional V-P Beverly William Warrack, Chinook; R. C. B, Jarvis, 

Edmonton; R. E. Jones, Puget Sound; President George Taylor; T. W. Bead!e, 
Inland Empire Chapter; tack Cottingham, Oregon Section. 


Travis; 


Canadian Rockies—Site for 
Pacific Northwest Regional Conference 


One spect, often comments eceived gifts of inlaid b 


about TES and regional « vith a western 
rhe MMILJ 


highlight of 


Beck of 


meetings motif, 


ferences the warm friendly spir contest was, as 


seemed par 1 i the conference, 


those ittending rhis 
Pacific 
gions Conference, held at the , \ 


Banff, Aiberta, Class II 
the 


larly true of the Northwest James E the Oregon Section 


light 
Fred 


lumi 


nning in Class I, for residential 


Springs Hotel, in winners were first, 
with a 
bank: se 
Frank, Inland Empire Chap 
Room 


Restaurant: honorable 


Perhaps it was specta Farley, Oregon Section, 


the towering n ceiling installation in a 


the KE 
for 


auty of the setting, 
Rockies, 
camaraderi 


Whatever 


‘anadian which inspired 


f which pervaded r, lighting the Turf and 


the « Country mention 


the 


the iuse, dele 


meeting 


Columbia 


the Ne 


gates and guests ound conference Karl Haselsteiner, British 


Edmonton and Chinool Section, for the lighting of 


co-sponsored Vv 


Chapters, a real success Tunnel 


One happy event, made usual, interesting and enter 


poss le il 


special «tion of Council, was the item on the program, wil ] 


the Edmonton wtih great enthusiasn 


Although, 
the 


tering of group as ( ed 
floodlighting 
Don 
for W \ 


the 


strictly 
did 


}’ ‘ 


ouncil s i on 


Section according \ a demonstration, pre 


the rules, Chapter not sented by Frost, of Ca 


14, 


eome 


age unil Jum per stituting Dalrvmple, 


the the 


charter ronto In demonstration 


IES 


Dorwood, 


mitted presentation at the 


tones of 


the 


conference by President sodium light intermingled 


Fred 


Chairman, accepted the charter for 


George 
} } 
eooler olors Oo 


For 


demonstration, 


Taylor Edmonton mereury. 


the the ladies, in addition 


new Seetion dinner dance, 


host, was also 


] nd lunel ns 
Chinook Chapter, the other co ee 
swimming, 


honored at eeremony 


V ies 


ae ti itting contest 
v7 er 


the 


when Regional President 
, han | tT ‘ ‘ 
lravis prese nted a mferenes 


membership plaque 


> mton 
to Chapter Chairman Bol Shortreed for Edmontor 


the vear’s record meeting atter nee of 


ent 


The two Canadian irn 


Mrs 


groups, 
gifts to President 7 
Mrs Mr. T: 


presented with “A Share in Alberta” in 


gave 


Tavior and Travis. 


form of 300 oil shares—something 


ll surely remind him o his 


Banff Mrs. Tavlor and Mrs 


sr 1959 
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Vice-President 
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Travis, Pacific 
President 
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British 
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man—CGraham Foster Columbia 
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Chapter 
Pitfalls in 


Tome Sunbean 


teadle Chairman Inland 
Empire 
Hazards and 
tions R. I 
Wash 


Footeandle Caleula 
Lighting Co 


Seattle 


Membership attendance plaque award- 
ed to the Chinook Chapter is received 
ral 
the 


by Chairman Bob Shortreed, Regic 
V-P left, 


presentation, 


Beverly Travis, makes 


Gift to President Taylor—*“A Share in 
Alberta”—300 shares of oil stock pre- 
sented by Don Frost, left, and R, C. B. 
Jarvis, right, conference co-chairmen. 
\ (ws 
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from RAW MATERIAL...... 


PAINSTAKING 





Silicon steel has been cut to core-size and shape lamina- 
tions and is here undergoing electrical tests, such as core 
loss, permeability, etc. 


GUARANTEES THE LIGHT—THE LAMP LIFE..... 


NO OTHER BALLAST MANUFAC- 
TURER conducts the comprehensive and 
uncompromising quality control procedures 
that every Jefferson ballast must undergo 
before it can be shipped. 


This extra care PAYS OFF FOR YOU... 
by assuring you a ballast that will obtain 
the full rated light output from the lamp it 
activates—a ballast that will protect rather 
than diminish the life of that lamp by 
guarding against pre-ignition, end blacken- 
ing, etc. And, of course, the ballast itself 
will last much longer—slashing your main- 
tenance and replacement costs. 


For example: Almost all ballast manufac- 
turers test the electrical characteristics of 
the silicon steel that goes into the core— 
JEFFERSON goes beyond the ordinary 


Core-coil test board on production line 
determines adherence to electrical re- 
quirements in sub-assembly. 


£ Jefferson 
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..thru FINISHED PRODUCT 


QUALITY CONTROL». 


* 
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--- HE BALLAST DEPENDABILITY YOU PAY FOR! P 


<< 


tests and cuts that steel into core-size and / 133 
core-shape laminations before testing. Spee 
Result: JEFFERSON knows with precise 

accuracy the characteristics of the steel in 

its ballasts—so JEFFERSON ballasts 

operate more closely to the exact require- 

ments of the lamps they regulate—thereby 

protecting—and prolonging the life of 

these lamps. 


Most manufacturers “‘spot check” their 
ballasts in final assembly form—JEFFER- 
SON final tests EVERY ballast off the 
line. RESULT: you can count on Jefferson 
dependability. 


There’s more—MUCH MORE to the 
Jefferson quality control story—ask your 
Jefferson representative. 


' -) 1 : 
Soa 
*. 


wg 
1. 


a 
> 


- . * aa 
ie 


fie eG a) 


Condensers, like all “purchased parts” How will the ballast perform in your fixture? Ballast here is 
that go into a Jefferson ballast, are being installed in fixture as a practical simulated field 
thoroughly tested upon reception. test for heat rise. 


FLUORESCENT BALLASTS 


JEFFERSON ELECTRIC COMPANY «+ BELLWOOD, ILLINOIS 
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MMILJ winners receiving certificates. Left to right: President George 


Charter of Section status is presented to Ed- 
Taylor; J. E. Beck, Oregon Section, first prize in Class I; Jack Cotting- 


mont Chairman Fred Dorward by IES 
National President George Taylor. Presenta- 
tion at the conference was made possible by 


a special action of the [IES Council. 


ham, proxying for first prize winner in Class Il, F. M. Farley, Oregon 
Section; Don Frank, Inland Empire Chapter, second prize in Class Il; 


Ernie Kingsley accepting honorable mention for Carl Haselsteiner. 


International Recommendations 
Proposed at CIE Congress 

All of the results of the work trans 
ited and the papers presented at the 
28 — Afternoon and Evening Congress of the International Commission 
f minis Bridge on Illumination (Brussels, June 15-24, 
1959) will in due time be presented, to 
gether with discussion, in the official CIE 
Proceedings. This is expected to be avail 


early in 1960 


May 29 — Morning 


Ore 


- ge 
ent and Merecur Meanwhile, however, comment is in 


vited on the technical reeommendations 
tentatively adopted. Although these re« 
ommendations are only tentatively ap 
proved, they will become effective within 
x months unless objection is entered 
by any National Committee Anyone 
wishing to comment on, or object to any 
of these Recomme ndations should commu 
nicate at onee with L. E. Barbrow, See 
retary of the United States National 
Committee. His address is: National Bu 
reau of Standards, Washington 25, D. C 
The limiting date for comments or objee 
tions is October 1, 1959. A limited num 
ber of copies of this document which in 
cludes the Reeomme ndations, list of pa 
pers ind technical committee reports are 
available from Mr. Barbrow. 
Recommendations tentatively adopted 
cover such subjeets as 
Committee S-1.2 Measurement ot 
Light 
Committee E-1.3.1 (olorimetry 
Committee S-1.4.1 Photome and Seo 
top Vision 
Committee S8-2.1.1 Sources of Visible 
Radiation 
Committee S8-3.1.5 Mine Lighting 
Committee 8-3.3.2.2 Lighting for 


Transport Other Than Automobile 


Baragon, Dennis Tucker; standing: Don Shannon, Ron Vernon, Ray Carmichael, und Air 


Jack Connauton, Reg Jarvis, Johnny Morgan, Roger Young and E. M. Johnson, 
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3 times more resistance to yellowing that’s why! 


Perma tone was specially developed to meet 
f y p 


Why lIES-NEMA-SPI joint specifications for ultra violet light 


stabilized styrene—exceeds the requirements of these 


lL ustrex specifications. # Truly translucent whites and 


a wide range of colors.* Uniform light distribution 


Perma Tone Styrene characteristics. s Large areas of illumination, good 


diffusion. # Light weight for easy handling, installation, and 


for maintenance. # Dimensionally 
. | . 9 stable. » Low cost 


FOR FREE TECHNICAL REPORT 


ted ¢ 
tec te 


LUSTREX: REG. U.S. PAT. OFF. © 


GRATELITE Louver-Diffuser by Edwin f ith Compan t. Louis, in conference room of the American Dental Association, 
s. Molded of Lustrex perma tone styrene | Coller t Products, Inc., Fenton, Missouri. Architect 


Graybar Electric Company 













































































SPEAKERS at the Fridey morning session, |. to r.: front 
row, John Neidhart, President George Taylor and Leo 
Duval, Jr.; back row, E. A, Linsday, Willard Allphin, and 
Jack Hamilton, Chairman of the New York Section, who 


presided at the session. 


Yankee Section Host to 
Northeastern Regional Conference 


er ichieved eury | imps R 
host to its 


vas the Yankees 


er was pre eight contestants 


Lighting 


ern Regiona 
Berkshire hills 
Mass J ume onstrations 
rhe Friday 
chaired by John 


from three Section Chairman 


lowing regis tory of the 1959 


of the Confer man of the 


Chairman Bart Barry Ar 
the speakers John 
Direetor of the 
iference; George Tay 
nt: and Raymond Smart 


Regional Vice President 


ICAL PROGRAM 
program began with 
eneral Eleetrie Co., who 
heralded Progress Report 
f Svivania, whose subjeet 
exeenee and the part it 
ito panels and electric ap 
spoke next. Murray Quin, Day 
Lighting Ine., then diseussed Light 
Air Conditioning through Com 
es Dana Rowten, West 
ind up the session with a 
of Street Lighting New 

nd Optical Systems 

fternoon session was conducted 
tichard Smith, Chairman of the New 
Section, and the first speaker 
S. Till, of Westinghouse Ele« 
vho spoke on Improved Per 


in Color and Quality of Mer 


Lighting News 


Monsanto Co., then discussed Plasties in 
Following 
the My Most Inter 
| esting Lighting Job (three in residentia! 


ind five in commerci: 


morning 
Hamilton, New York 
It opened with a His 
Handbook, by John 
was opened Neidhart, The Miller Co., who was chair 
Handbook 
delegates and Duval, Jr., of Sylvania, then presented 


keonomic Study 


SOME of the MMILJ contestants in Class II, lL. to r.: front 
row, Russell Benjamin, Connecticut; Meyer Silverman, 
New Jersey; back row, Randall Rice, Eastern New York; 
R. G. Williams, New York, first in the Region; Warner 
Helston, New Jersey and Ray Warner, Yankee Section. 





Attendance Statistics 


Northeastern Region 
Connecticut Section 
Eastern New York Section 
New England Section 


MeCarthy, of the 


-offee break, the 
‘ - _ F New Jersey Section 


New York Section 
i Yankee Section 

ut on their dem . 
I = . ‘ Out-of-Reaion 


Chieago Section 
session was . 2 
Cleveland Section 


St. Louis Section 


Members registered 


Unassigned guests 
Committe Leo 


Total registered 
of an Industrial : 
Wives registered 











PLEASED and proud, President and Mrs. Taylor hold their painting, a gift from 
the Region. Left to right are: Mrs. Ray Smart, President Taylor, Cliff Forster, 
Art Brodeur, Jr., Mrs. Taylor and Ray Smart. 
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COMING NEW 5190 000 


STOPS and SELLS 
4 FIRST PRIZES cries cr vionore in.” ten Nome 


4-$1500 groups of electric kitchen appliances 


PLUS 1,004 OTHER PRIZES 500 portable tamps 


500 packages assorted light bulbs 
National 
ou can win a *20.000 . Contest 
Light -For-Living Medallion Home! 
Announcements 











The Saturday Evening 


post 





Reaching 
81,950,000 
HOMEMAKERS 
plus 
4 MILLION MORE 


a spectacular bonus from Life's 30- 
page Medallion Home Section in their 
September 14 issue. 


Hundreds of thousands of homemakers in your They'll all want to win this contest—they must 
shopping area are being told to “get their official con- come to you for contest entry forms. Make sure you're 
test entry booklet at their favorite store selling lamps, ready to turn these requests into sales and profits! 


fixtures and bulbs." 
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LIGHTING CONTEST 


CUSTOMERS FOR YOU! 


Make your store 
Contest Headquarters 





Use these tie-in contest materials Use this decal 


Official contest entry booklet .. . 


HEADQUARTERS 
contains contest rules, official entry form 


= complete educational information, IDENTIFY YOUR STORE AS 
selling your customers on Light-for-Living. 
“a y ; HEADQUARTERS FOR THIS 


This booklet is available to consumers 


only through local outlets — which means NATION AL co N TE ST 


you! 





Here's how: 
c : sp: 
— poo grag gaa pry one e Contact your local electric utility company 


€ 
© / customers through your doors today eee 


wi and past your merchandise for . 
MEDALLION HU! contest entry booklets. e They will help you with all of the contest 


materials you need to tie-in. 


Eyecatching door or window Be ready: 
decals to identify your store 
as contest headquarters—a rea! e Homemakers in your area will want to 


«sho idea! . . P : 
SUEDE C NECN Here. « ONE WIN this big, nationally-advertised con- 
puts you at the payoff point of 
the Light-for-Living national pro- fest... 


motion all year! , 
Customers are being told 


- to come to YOU: 
wspaper ad mats and 
glossies . . . use these in your e Customers MUST come to you for official 


own ads to promote this national 
contest as your own local contest, contest entry booklets. 


Everything they need to win is included 
Radio and TV scripts .. . in this booklet. 


= — yay Gann, oo Contes This contest booklet is available ONLY at 
eadquoarters, to these exciting 
local lighting outlets—YOUR STORE! 


sales messages 





* * * 


This is the kind of traffic-building promotion you've been In addition, many local Electric Light & Power Companies 
waiting for. Imagine how it will boost scles of lamps, fixtures are sponsoring models of the prize-winning Light-for-Living 


and bulbs and increase profits for you! Medallion Homes for customers’ inspection in your area. 


This is the first industry-wide, national-residential Cash in on this tremendous pro- 
lighting program. And it's part of the multi-million motion through your local Elec- 
dollar National Electric Living Program. 

tric Utility Company. 


Z s LIVE BETTER...ELECTRICALLY 


uve ° 
% s° sponsored by Edison Electric tute 
“tore ponsored by Edison Electric Institute 
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THIS IS 
THE 
FAIRVIEW 


New 8-foot lighting value by Day-Brite. 
With one-piece, metal-framed enclosure of X-5 plastic. 
Exclusive CLEARTEX® panel for low brightness. 
Upswept sides for soft gradation of light on ceiling. 
Separabie hinges for one-man servicing. 
Clean, crisp design complements any interior. 


FAIRVIEW offers all the visual comfort, qual- — 
ity features, and ease of installation and — 
maintenance you expect from Day-Brite.. . 


’ \ 
at about half the price you'd expect to pay! fa FIRST ~ b 


Applications include schools, offices and ‘f/ FULL s 
stores. Surface or suspension mounting. / 8 FOOT 
Available for 8-foot Slimline or 4-foot Rapid- [, PRISMATIC VW 
Start lamps. For more information on FAIR- / ENCLOSURE// / 
— call your Day-Brite representative Ye Ns 
isted in the Yellow Pages. Or write Day-Brite << 

in St. Louis. Day-Brite Lighting, Inc., 6260 

N. Broadway, St. Louis 15, Mo.; 530 Martin 

Ave., Santa Clara, Calif. 


t DEDLY BETTER 
DAY-BRITE 
io 
' ; 
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CHARTER of Section Status is presented by President POOL-SIDE diversion—fashion show for the ladies in- 
Taylor to Yankee Chairman Bart Barry. Mrs. Taylor and cluded modeling of bathing suit by Curtis Hotel hostess, 
Regional V-P Ray Smart are at right. Mrs. Rita Payson. 


Continued from page 20A descent Lamps. Regional V-P Ray Smart honors with his installation at the To 


Area. E. A. Linsday, G-E, gave View made the closing remarks ronto Royal Hotel 
d a. ae #he 4 Sui » 4 ri ‘ | 


on the New Footeandle Levels, as did 
Willard Allphin of Sylvania. This was The 


, Other events planned to entertain the 
ENTERTAIN MEN’ ladies were a ‘*Get Aequainted Coffee 
President's Reeeption Banquet 9 

. , ’ r pong i 8 ‘board, s 
followed by an unscheduled panel dis and Ball, ao over, was the Mgh anct of Hour, ping pong and shuffleboard, swim 
cussion by Mr. Linsday, Mr. Allphin and the social program and the occasion for we =e om , ent 7? : a 
: ees ' ion show and an exhibition by the Aqua 


the res at f ¢ rif Mr. ane 7" 
he presentation of a gift to Ir. and cade Swimmers Fours ts 


President Taylor, resulting in lively dis 
bus were ar 


eussion from the floor. Mrs. Tavlor. This 


was i ainting of a , 
. a ranged, to places of local interest 


The afternoon session was conducted typical New England landscape. Presen 
by Harold Young, Connecticut Section tation of the new Yankee Section Char (CREDITS 


Chairman, who introduced Miss Kathleen ter was also made at this time. rene Conference Chairman—C ifford Forster 
Downey, Western Massachusetts Electric Also at the President's Dinner were the + nai — afer peer De 
Co., who spoke on Lighting Homes and awards to the winners of the My Most Papers Francis Conlin 

Publicity Frank Hayden 

Hotel and Transportation—-John K. French 
W. Thompson, of Thompson Engineering, were Sylvan R. Shemitz, first in Class I, Ladies’ Preavam—Mre. Bervera Barts 


Gardens. The next speaker was Willard Interesting Lighting Job Contest. These 


whose topic was Cooperation Between Connecticut Section, New Haven Eleetri« Budget--Gordon Foot 

. , : . Entertainment Arthur Brodeur 
Architect and Lighting Engineer. Final Supply Co., West Haven, Conn., for his Lightin Display 
speaker in the technical program was entry on Lighting for Relaxation; in Rhodes 
R. A. Langer, Kleig! Brothers, who dis Class IT, R. G. Williams, Century Light tw ne ‘A 
*hotographs 
eussed Dimming Fluorescent and Inean ing Ine., New York Section, won top ete 





1ES Gold Medal Presented 
During CIE Brussels Meeting 

Dr. N. A. Halbertsma, 1959 Gold Med 
alist, was presented with this award at 
the Palais du Congrés in Brussels on 
June 15 See May IE, page 5A 
details of award The impressive aw 
ceremony was attended by the entir 
American delegation at the CIE Con 
gress, as well as by numerous other 
friends of Dr. Halbertsma. Presentation 
of the Medal and Certifieate was by Pro 
fessor E. M. Strong, with an introduc 
tion by Herbert H. Magdsick, President 
of the United States National Commit 


tee of CIE 


- —- 


Although Dr. Halbertsma, whose home 
is in Holland, will not be present at the DR. N. A. HALBERTSMA of the Netherlands (right) accepts IES Gold Medal 
IES National Teehnieal Conference in and Certificate of Award from Professor E. M, Strong. This top IES honor was 
San Francisco this September, further presented to Dr. Halbertsma in Brussels on June 15, between sessions of the 
eeremonies will be held during the Con CIE Congress there. Introduction was by H. H. Magdsick (not shown), President 

Continued on page 2A of the United States National Committee of CIE, 
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Choose from 


distinct and different 


Area Lighting Systems. 


Before you specify lighting again, take another look at 
the decided advantages of Area Illumination. See how it 
can add to and help your overall planning. 

As a design element, today’s completely or partially- 
luminous ceilings offer possibilities limited only by the de- 
signer’s aims. Area Lighting can make the ceiling surface 


SYLVA-LUME—This extremely versatile, modular 
system features an extruded aluminum grid work 
and offers unlimited flexibility and design freedom. 

Viny! plastic panels are provided in deep or 
shallow style—plain or patterned—in a choice of 
attractive colors. Single or double panels can be 
obtained. Optional acoustic baffles, also with a 
choice of colors, provide effective sound control 
and add another design element for delineation 
and emphasis. Perimeter panels give interesting 
and attractive border treatment. 

All of these design factors can be utilized for 
an endless variety of ceiling patterns . . . allowing 
the addition of a distinctive personal touch to 
every installation from a relatively few catalogued 
components. 

The standard Syiva-Lume module is 3" x 3’. 
A 2' x 2’ module is also available with only a 
few limitations in variety. 


an integral part of your entire scheme, both esthetically 
and in space planning through partition coordination. 

From a lighting viewpoint Area Lighting stands alone. 
No other present-day lighting method provides such 
comfortable, shadow-free and glare-free illumination re- 
gardless of lighting level. 


SYLVA-CELL—This Sylvania modular system util- 
izes a 2' x 4' module and features a continuous 
pattern of cells. A choice of two attractive louvers 
is offered—polystyrene plastic or white painted 
aluminum, both with 45° x 45° shielding. Each 
ceiling offers excellent efficiency and shielding 
together with an even, widespread distribution 
of diffused illumination. 

Sylva-Cell’s simple, inverted-T grid work of 
extruded aluminum has extreme versatility for 
complete or partially-luminous ceilings. The lou- 
vered pattern can be used from wall to wall. Or, 
if desired, the interspersing of standard opaque 
ceiling materials makes a change in appearance, 
yet uses the same suspension system. 

With Sylvania’s minimum number of precision- 
made parts, installation is simple and fast. The 
open pattern of cells results in extremely minor 
problems of maintenance. 


Go modern...with 4 Sylvania lighting System! 


260A 
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.. by SYLVANIA 


At Sylvania continual progress has been made in Area 
Illumination since providing the first catalogued lighting 
system over ten years ago. As shown below, Sylvania 
now offers 3 distinct and different Area Lighting Systems. 
All 3 systems use standard components and each one 
provides top-quality, efficient illumination together with 


SYLVAN-AIRE—Sylivania's estab- 
lished area lighting system, featuring 
3’ wide rows of corrugated vinyl plas- 
tic, offers a most economical method 
of obtaining area illumination. 

Sylvan-Aire offers two versatile 
suspension methods . . . Uni-Space 
and Vari-Space . . . making installa- 
tion simple for any desired footcan- 
die level. This system is easily ad- 
justed for installation of air condi- 
tioning components, for spotlights, 
to fit around columns and other ob- 
structions, or for partition planning. 

Acoustic baffles are available, too, 
as optional equipment. When or- 
dered, acoustic baffles are supplied 
pre-assembled to the support chan- 
nels thus requiring no additional in- 
stallation time. 


FLUORESCENT LIGHTING FIXTURES AND SYSTEMS 
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GENERAL TELEPHONE & ELECTRONICS 


smooth, uncluttered appearance. 

These systems have been developed and perfected to 
give the designer almost unlimited freedom of expression. 
Color and patterns can now provide exciting vitality to 
routine ceiling areas. 

Unique, specially-designed parts allow Sylvania Systems 
to be installed quickly and easily, reducing installation 
time and costs, and widening the application possibilities 
of Area Lighting in both new and modernization projects. 

The next time, when you want lighting that is truly 
outstanding, look to Area Illumination . . . and think 
first of Sylvania where you have a choice of three Area 
Lighting Systems. 


SYLVANIA LIGHTING PRODUCTS 
A Division of SYLVANIA ELectric Propucts INc. 
Department 59-7 
One 48th Street, Wheeling, West Virginia 


¥SYLVANIA 


BEST FIXTURE VALUE IN EVERY PRICE RANGE 


Subsidiary of 





vith this top honor 

Dr. Halbertsma’s ad 
entation of the Medal 

» be read at the open 
San Francisco meeting 
Dr ind Mrs. Hal 
Magdsick was host 


n Brusse 
This was attended 
rican and Nether 
Mrs. J. Janne 
| Mrs. Ward 
Mrs. Everett M 
Strong: M ! ‘ illard C. Brown 
Mr. and Mrs i be Mr. and Mrs 
( ABH Orso la ven Medal 
Mr. | 


; 
tector 


ANNIVERSARY TABLE of Chairmen at meeting celebrating the Atlanta Resi- 
dence Lighting Forum’s tenth year. Left to right: Nina Faye Bonner, 1952-1953; 
Fern Moran, 1951-1952; Emily Alexander, 1950-1951; Ruth Morris, 1949-1950 
and 1959-1960; Taylor Peake, 1958-1959; Rita Kuzell, 1957-1958; Jack Burns, 
1956-1957; Elizabeth Parker, 1955-1956 and Mary Bush, 1954-1955. Un- 

Combinatio echni program and  avoidably absent was Judd Lough, 1953-1954. Celebration was at joint meeting 
party at oi eeting of t tlant of Forum and Georgia Section. 


Residenes 


Atlanta Residence Forum 
Celebrates Tenth Anniversary 


gia Sectio 


bers, and the total at the cers are: Lois Goeke, Secretary; W. T. 
0) was 71. Present member Cantrell, Treasurer; Grace T. Marsh, 
ship is 102 of which 46 are associates R. J. Kuzell, Nell Collins, and V. H. 
members of IES and the Forum) and 57 Branham, Members-at-Large 
ire affiliates (Forum members only Members and guests in attendance at 
Ruth Morris, first Chairman of the the meeting numbered over 70. 
group, has been elected to lead the Forum 


in its eleventh year Other offi 


Golden West Chapter 
Newest IES Group 


With loeal dignitaries and IES’ers 
from the neighboring Winnipeg and Ed 
monton Chapters in attendance, Canadian 
Regional Vice President, J. Cari Wilson, 
officially chartered the Society ’s newest 
Golden West Chapter. The addition of 
this group, headquartered in Regina, 
Sask., brings the number of active IES 
Sections and Chapters to 87 

Installation of Golden West’s first of 
ficers Lorne Ritenburg, Chairman; 

H. Hems, Seeretary-Treasurer; Bart 
Howard, John Campbell and Richard 
MeDonald, Board of Managers—was han 
died by Allan Burnard, Chairman of the 
sponsoring Winnipeg Chapter 

Among those present to wish the 
members of Golden West good luck were: 
H. P. Baker, Mayor of Regina; Hon. R 
Brown, Minister in Charge of Saskatehe 
wan Power Corp.; H. L. Nicholl, Super 
intendent, Citv of Regina Light and 
Power Dept.; A. Pratt, Superintendent, 
City of Weyburn Light and Power Dept., 
ANOTHER Chapter is added to IES roster as Canadian Regional Vice-President, wad vepecsentatives of the Aschitecterel 
J. Carl Wilson, (foreground) presents Charter to Executive Board of Golden lie Meet Midas ial 
West Chapter, lL to r.: W. H. Hems, Seecretary-Treasurer; Lorne Ritenburg, : cae 
Chairman; Bart Howard, John Campbell and Richard McDonald, Board of 
Managers. Seated is Allan Burnard, Chairman of sponsoring Winnipeg Chapter. 


Optometrist Society of Saskatchewar 
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Controlled Light Distribution . .. 
Accurate Color Transmission... 


with Kopp Engineered Lighting Glassware 


LENSES ...COLOR FILTERS ...COVER GLASSES 


There’s one important point of similarity in the various examples of light- 
ing glassware seen here. Size, shape and glass composition are different in Beneficial Properties 
each case; but they are all engineered by Kopp technicians to do a specific job. 

Some applications call for high strength and other physical character- IMPACT RESISTANCE 
istics, as well as light distribution and color transmission. In others, con- BEAM CONTROL 
trolled light—whether concentrated, directed or diffused—may be as HIGH TEMPERATURE 
significant as dimensional stability, or heat-resistance. In fact, mechanical CHARACTERISTICS 
and transmission properties vary with each product, depending upon DIMENSIONAL STABILITY 
its end use. ACCURATE COLOR VALUES 

Problem is—to engineer these items with the right combination of prop- HIGH PHYSICAL STRENGTH 
erties to meet individual application requirements. And Kopp engineers THERMAL-SHOCK RESISTANCE 
are specialists at doing just that. Write us, at Swissvale, Pennsylvania, CHEMICAL DURABILITY 
about your needs. Ask for bulletin 553-A on Kopp-Engineered Glass. ELECTRICAL ADVANTAGES 


SPECIALISTS IN CUSTOM-BUILT LIGHTING GLASSWARE 


Hopp Giass,, inc. 
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332 O NDSTREEMER 


iP ay... with real economy 
every mile of thie way! 


ad Hwew 


fluorescent lumainaire 


by METCO for 


STREETS - EXPRESSWAYS 
PARKING AREAS 
SERVICE STATIONS 
SHOPPING CENTERS 


INTERCHANGES 
PLANT SECURITY LIGHTING 


More lumens per watt with less glare. 
atest high watta amps. Types Ill and 
IV lighting distributior 


Good color rendition w glare f 
Fully weatherproofed, insect-proofed 
aluminum eliarc seam welded 


hinges from either side 


Lower lamp and transformer replacement cost 
HW rite for BULLETIN B559 


Cooi operating, 
and photometric data today stant re 


netant 


start 


Completely self-contained, 
METALCRAFT PRODUCTS CO., INC. UNE ane 


for n 


6225 State Road, Philadelphia 35, Pa 
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(News continued from page 28A) 


Overseas Visitors Enjoy fa. N 


British IES Jubilee 
: aaa CHEDULED 


For three days, June 11, 
Illuminating Engineering Society in Lon 
don was host to some 75 delegates (en 
route to Brussels from 21 different 
countries. The occasion was part of the 
August 24-26, 1959 International Associ October 12-14, 1959 —- National Electronics 


ation of Electrical Inspectors Northwestern Conference, Inc Hotel Sherman, Chicago, Il. 


brating the fiftieth anniversary of the Section). Seattle Hotel. Seattle. Wast , 
= seeeats - October 12-16, 1959 — American Institute of 


IES in England. Their splendid program, August 31-September 2, 1959 Interna Electrical Engineers, Fall General Meeting, 
which started each morning at the Brit national Association of Electrical Inspectors Chicago, Ill 
Southweste Section ) "ls go tel, Ss 

uthwestern Section), Flamingo Hotel, San- oetoner 13-15, 1959 — Electrical Progress 
Show, Convention Hall, Philadelphia, Pa. 
October 15-17, 1959 — National Society of 
Professional Engineers (Fall Meeting), Olym- 
pic Hotel, Seattle, Wash. 
October 19-20, 1959-——-Annual Meeting of 
the United States National Committee (0.1.E.), 


British Society’s Golden Jubilee, cele 


ish Lighting Couneil in London, was un 
ta Rosa, Calif 


September 7-11, 1959 National Technical 


Conference of the Illuminating Engineering 


der the direetion of Georg F. Cole, LES 
Executive Secretary. Assisting him wer 


a number of Society members acting as Society, Hotels Fairmount and Mark Hopkins 
San Francisco, Calif 


Stewards. 
Bus tours took the group through such September 10-11, 1959 — Society of Plastics 


Industry, French Lick Sheraton, French Lick, - 
outstanding installations as Gatwich Air Ind . —— ; — Nittany Lion Inn, State College, Pa 


vort, Ne Crawley To the General - Te Jon- 
port, w rawley own, he nera September 14-16, 1959 ateunetions) As October 20. 22, 1959 ; T nth National Con 
ference on Standards, The Sheraton-Cadillac 


Electric Research Laboratories, the BB sociation of Electrical Inspectors (Eastern Se 

ones . . _ Hotel, Detroit, Mich, 

rV Centre, Riverside Studios, Thorn tior Location unknown 

House, the Houses of Parliament and ar September 14-17, 1959 Institute of Traffic November 2-5, 1959 Eleventh Exposition 
of the Air-Conditioning and Refrigeration In 

Engineers Annual Meeting Commodore Ho iene ede Hall. Atlantic City, N. J 
dus onve : j N. J. 
uw Wonk. i. Y ustry, nvention Ha antic y, 


of London as seen from the River . . 

- N o slec . 
wh, September 25-26, 1959— International Ass Movember 9-12, 1959 ational Electric 
rhames Contractors Association and Fifth National 


sociation of Electrical Inspectors (Canadian ; . 
Social entertainment of the foreign Section), Montreal, Qué Electrical Exposition, Miami Beach, Fla 
guests was as delightful as the tours September 30-October 2, 1959 Cenetten November 9-13, 1959 — Nationa! Electrical 
' , ae Manufacturers Association, Traymore Hotel, 
were interesting. Luncheon one day was Electrical Manufacturers Association, Shera Atlantic City, N. 2 
t ic ity « 
ton-Brock Hotel, Niagara Falls, Ont - . 


unforgettable boat tour of floodlighting 


at the centuries-old Burford Bridge Inn, 
: ° November 29-December 4, 1959 — The 
at Dorking, with dinner at Gatwich Air October 5-7, 1959 — International Associa- American Society of Mechanical Engineers 
tion of Electrical Inspectors (Western Section), Chalfonte-Haddon Hall, Atlantic City, N. J 
Schroeder Hotel, Milwaukee, Wis E 

lowing day, at King’s Head, Harrow, January 12-15, 1960—The Society of Plas 
October 5-10, 1959 Society of Motion Pic tics Engineers In 16th Annual Technical 
ture and Television Engineers, Hotel Statler, Conference, The Conrad Hilton Hotel, Chicago, 
Laboratories New York, N. ¥ ll 


port. There was also a luncheon the fol 


ind a high tea served at the GE Researcl 


A very rare privilege was arranged for October 11-16, 1959 American Institute of January 31-February 5, 1959—American 


the overseas guests of the British LES in Electrical Engineers Fall General Meeting), Institute of Electrical Engineers, Winter Gen 


the dinner which coneluded their pro . eral Meeting, New York, N, ¥ 


gram. This was held in the dining hall October 12-14, 1959 — International Associ Pebruary 25-26, 1959—Annual National 
f the H »of C and tad ition of Electrical Inspectors Southern Sec- Wiring Sales Conference Warwick Hotel, 
o “ ouse 0 ommons and sponsore: Genk. Getietate Wad Setanta Philadelphia, Pa 


by Mr. Royle, M.P. Mr. Royle himself 


eondueted parties through both Houses, 





explaining the procedures and traditions = 
I ; lighting The eontestant is required to 


if this mother of parliaments. He was 


introduced and thanked by H. G Camp ae a a Emi ethga BOUT PEOPLE 


; = : the text of the booklet and then write a 
bell, President-Elect of the British IES, 


in the absence of the eurrent President, 


eeeeeeeseceeeeeee Cen eee eeeeeeeeeeseeeeeenee 


20-word statement on why he would like 





to live in a ‘‘ Light for Living’’ home 
C. Smith , 
Announcement of the contest will be 
All of the Visitors, and certainly the 
' in a two-page spreac he September 
15 from the nited States, greatly Dp Following a reeent meeting of the 
' l4th issue « Life magazine, with full B 
rreciated and vastly enjoyed the inter Board of Directors of Appleton Electric 
. ; | ; page follow-up ads in the Oetober 10th . - + 
esting inside view of British install - . Co., Chicago, President Arthur I, »ple- 
6 — ind November 7th issues of the Sat ee ; t PI 
tions, and the warm hospitality of their 2 ton announced the following executive 


day Evening Post and the October 13tl > 

ippointments: F. W. Wehrheim, vice 
president directing the executive level 
planning for the company; E. V. Al- 


dridge, vice president—sales; S. Peter 


English hosts . 
. — issue of Look. Entry blanks and book 


be available at retail stores and 


fixture distributor showrooms. 


$100,000 Consumer Contest The 
To Be Sponsored by EEI ene 


As part of its National Eleetrie Liv to be completed shortly and _ will 


first model home, based on one of 


vice-president—ac stre 
winning student desieans. is expected Lambros, vice presiden idministration 


h ind planning, a new position; Phillips 


ing Program, the Edison Eleetrie Insti opened to the publie in mid-September, M. Darby, general sales manager; John 


> . » > angles ¢ , ] » ) 
tute is sponsoring, this fall, a $100,000 coinciding with American Home Lighting P. Dwyer, sal manager—Unilet Divi 


Consumer Contest. Grand prizes in the Fixture Month, National Home Week, sion; Thomas A. Strock, sales manager 


contest will be four ‘‘ Light for Living Parade of Homes and the launching of Reelite Division 
Medallion Home s,’’ based on winning de the contest in Life. Each of the homes 
signs in the recent EEI student-archi to be awarded as prizes was designed to . 
. Ni a as <a Ae — Bruce A, Everly has been named mar 


tects’ contest. accommodate a family of four and to be 
- : : mae ee te iain keting manager for the Lighting Division 


This contest, designed to educate the built for under $20,000, exelusiv f lot . 
** 7 a of Westinghous« Eleetrie Corp., with 
consumer, begins with distribution, to but ineluding all electrical equipment 


contestants, of a booklet on good home and major appliances. Continued on page 32A) 
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sion ’s main man 
Mr 


inside 


headquarter 


Important News Release! 


ufact plant leveland, Ohio 


Eve 


apparatus 


iring 
of 


rly, former sales manager 


From: National Technical Conference Committee 
Contact: John Walsh 
Release: IMMEDIATE 


Deep sea fishing party, western-style chuck wagon 


W estinghouse 
A. W. Lar- 
Mr 


es manager. 


ind supplies for 


Fleet ri Supply Co., succeeds 
Larson 


of 


marketing post 


ippointed sa the 


Conn., dinner, banquet, swimming and golf at the Orinda Coun- 
try Club 


planned for LES’ers who attend the National Technical 


Bridgeport, 


these are only some of the ‘‘extras’’ being 


of Heating, Re : : ‘ - . : . wu 
senlitheasihinn: Weal Conference in San Francisco, September 7-11 
sppointment of The technical program, with nine top-level sessions 


Robert C. Cross as Executive Seeretary scheduled, features papers on—for example—new uses 


Mr. Cross, who had beet 

ASRE prior to the 

ASHATI 
Mr 


Executive Seere of eleetroluminescence, uses of computers for fixture de- 


’ of the merg f . . . ° ° 
t nerger © sign, comfort evaluation of roadway lighting and many 


with the succeeds = ; ; : z 
Aul Hutchinson Hutel , more. There are 39 papers in all, covering important 
uDry ute neon. utechinson 


v. 
Secret 


been de ri ‘ ecu ‘ a 


the 


developments in illumination during the past year 


Special technical highlights are reports on two IERI 


serve 


projects, ‘‘Studies of Reflected Glare in Sample Office 


Areas’”’ 


way 


Visual 


and ** Determination of Light Levels for Road- 
Tasks’’ by Dr. H. Richard Blackwell and 


im! ' . . . . . 
Cee high B. S. Pritchard and an invited paper on ‘* Lighting of 


E. Jerry 
Mr 


Spokane 
Whitlow as 
Whitlow 


Streets and Public Buildings in France’’ by L. Gaymard, 
Chief 
The ladies committee has planned exciting things too. 


gonera 
was former Street Lighting Engineer, Electricité de France. 
For wives who attend the Conference, there will be (in 
the 


San 


veland. Ohio addition to regular social program) a sightseeing 


of boatride on Francisco Bay, a tour of the Napa 


sales 


Ray E. 
the Vir 


ind Marion L. 


mnnouncesr Tit or two 


tat Valley wine country (with samples) and a fashion show 


representative 


Wendling, Phoeni 


products in l i 


anel le in San Franciseo’s famous Chinatown. 
det 
Dick, Mi 
Wis 


If you haven't signed up yet—better hurry. Advance 


service the state of 


waukee, wi 
In the 
of William H. Rorabaugh 


Dynam 


, registrations are being recorded at IES Headquarters by 
onsil nother anhnouncemen 7 
John Michel, Membership Secretary, or you can register 


ppointment 


as general n of Lighting when you get there. The Fairmont and Mark Hopkins 


ies, Vi 


inager 
Hotels are Conference headquarters. 

‘‘Keep your date at the Golden IES 

National Technical Conference, September 7-11, 1959 


mmhinede sO, Gate.’”’ 
former is 
mar 


ighting ger 


tributing Div oD 


H. Shaffer 


irge of manuf 


Robert 


diseussed standardization of the 


in ch 


AllBrite I 


Strom, district from the Dis world 


manager, 


ghting In trict headquarters in San Francisco. electrical and mechanical characteristics 


company's headquar of equipment, as another step toward the 
of the 
interchangeability light 


the 


Calif Allyn 


is works 


goal 
of 


San Franeiseo, consul achievement their ultimate 


is now 
Lm 


inagement 


Falls, 


issociated with 


management 


tant Ebaseo Serv complete 


) on . 
Division in the San Francisco offices of sources manufactured anywhere in 


the n consulting, world. 


Mr 


ssistant to the presice nt 


nginecring 
Metals and — & 


Cleveland, Ohio 


Lamp 
aT 
ind construction firn Falls most re 

irtment 
has 


IiL., 


repre 
The 


Pyle-National Co., 
Curtis H. Stout, 
the 


served as Chicago, 


the promotion of Adam 
of D. Cisneros and Co., a Venezuelan firm, named Inc., as 


keting 


MacKenzie, 


manager of the 
has 


recently 


representing General Dynamics Corp sentatives in south-central area. 


who 


> vears, most 4A 


leveland Welds 
He 


ed on page 


N. Waterman, commercial 


of 


Marshall 


enginecring 


the ¢ 
Westinghouse 


N. d., 


represented 


manager 


Bloomfield, 





irtment succeeds 


and 
the 


Div 
IES 


lamp 


Lamp ision, 


be re 
by 


Address Changes should 


to IES 


former President, 


Headquarters 
to 


ported 
the insure 
the of IE 


and other Society communications. 


Canton, Ohio industry at th lamp 


the International first of any month, 


Madrid, 
meetings of the 
all the 


tment of Calvin of 


manager in the tro-Technical Commission in uninterrupted mailing 


Nevada 
th Charles 


orthert min. During the July 


Tet representatives from over 








work 
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NEW, PROJECTED LETTER 


FLUORESCENT EXIT UNITS by 


Check These Superior Feature 


ale) phorescent Lucite ekelal give » hour 
after-glow should the circuit become dead 
6 projected letters. Available in mode 
for all surface type as well as rece 
stallations. Mounted from top, back 


Surface models ar 


from.a pendant 
available for either single or doubl« ace 
use. Pivot hinged. die formed 20 ga. steel 
frames.for easy servicing. Surface type boxe: 
are madé of 18 ga. press drawn ste« 

KO's top and side. Recessed boxes are of 
20. ga press drawn steel, six '/3 KO's 


Lucite faces available in 4 color combina 

tions — with or without arrows. Completely 

REINFORCED PLAST! wired for two T-5 6-watt lamp 118-V 

BOTTOM PANEL AC ballasts. Also available for use in 277-V 
systems 


You reduce installation costs 
safer when you select Perfeclite 
cted letter 


' 1 ma 





Please send me the 
Perfeclite Data Folder 
EX-58 C. 


Units are Underwriters 
Laboratories, Inc 
approved, and 


comply with 





NAME 
National Electrical Code 











THE PERFECLITE COMPANY 


1457 EAST 40th STREET ° CLEVELAND 3, OHIO 
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Continued from 


page S2A 


company has offices in Jackson, 
Little Rock, Ark.; Memphis, 
Tenn.; and New Orleans and Shreveport, 
La Also Pyle-National 
was the transfer of D. W. Jackson from 


New 


Stout 


Miss 


announced by 


Orleans to Houston, where he will 


serve as a sales representative 


Earl Steinke has joined the engineer 
ing staff of 
Highland Park, IIL, as a design engineer 


this Steinke 


Lighting Products, Ine., 


Prior to appointment, Mr 


was associated with Luminous Ceilings, 


Ine., Chicago, Ill 


Noe, 


were Tre 


John R. and 
Hayes 
cently named as sales representatives for 
Hayes and Nox 
Sola lighting transformer line 
Alabama, North 


Hayes Paul H. 
and Noe, Atlanta, Ga., 


Sola Electrie Co will 


handle the 
I ennessee, 


in Creorgia, 


Carolina, South Carolina western 


Florida 


Division, Thomas Indus 
14s innounced the 
ment of R. L. Patrick as 


representative in Montana 


ho and 


appoint 
district sales 
northern Ida 


enstern 


Washington 


leave of ab 
Elee 


Cert 


Butler is on 


the Rochester 


George R. 
Gas and 
inager of the 


in Rochester, N. ¥ 





OOKS AND 
PAMPHLETS 





ASTM 


resting 


Standards, 
American Society for Materials, 


1916 Race St Philadelphia 3, Pa 


1958 Book of 
Price 


complete ten-part set, $116 Prices 
| sections given below 
Metals Spec 


‘errous ifeations 


Methods 1620 pages, 291 


Non-Ferrous Metals Specific 
Methods), I 


251 standards 


lectronik 


Test 


Methods 


vue Pp 


Exeept 
ges 
ement, Conerete, Mor 
erials, Waterproofing, 

8 standards, $12 
Masonry Products, Ceramies, 
Sandwich and Build 


Materi ils, 


210 standards, 


ermal Insulation 


(Constructions, Acoustical 


Ship 


1040 


“ Pape r, Adhesives, 


Leather, 


iiners, Cellulose, 


$10 


standards, 


Petroleum Products, Lubri 


Lighting News 


MODERATOR Gilbert Trosper (right) fires a replica of an early San Francisco 
street light, official symbol of the Lamplighters, Golden Gate Section Street 
Lighting Committee, to open the first of a series of street lighting meetings 
sponsored by the committee in four western cities. The panel of experts, |. to r., 
R. M. Harris, Joslyn Pacifie Co.; E. B. Karns, Westinghouse; A. D. Harrington, 
General Electric and W. B. Blackford, Line Materials Industries, keynoted 
meetings in San Francisco, Los Angeles, Seattle and Salt Lake City. 


eants, Tank Measurements, Engine Tests, 
, 260 standards, $12. 
Paint, Naval Stores, Aromatic 
Coal, Coke, 


Antifreezes, 1632 


Hvydro« irbons, Gaseous Fuels, 


Engine pages, 353 
standards, $12 
Electrical Insulation, 


Black, 


- 
Plasties, 


ibber, Carbon 2056 pages, JSU 
standards, $14 
Water, Atmos 


Polishes, 1524 


10. Textiles, Soap, 
Wax 


ndards, $1 


Analysis, 


rd Method for 


Deter 


mining Special Purpose Photographic 


Exposure Indexes for Short and Long 


Exposure Times, PH 2.14-1958, availabk 
(American 


dards Association, 


New York 17, N. ¥ 


from Star 


method for measuring and specify 
times longer 
than 1/80 


this Standard. A 


sper ds 


exposure 


20 second and shorter 


cond is contained in 


ore aceurate daylight index for 


sensi 


ty of photographic materials ean be 


obtained for longer or shorter exposure 


times bY applying ‘* reciprocity factors,’ 
Standard, to the 


American Stand 


determined by this 


Speed as determined by 


urd PH2.5-1954 


Proceedings of the American Society 
for Testing Materials, Vol. 58, 1958, pub 
lished by ASTM, 1916 Phila 
delphia, Pa. 1430 pp., 


This reeord of the Society’s technical 


Race St., 


$12.00 


vccomplishments during the year ineludes 


51 technical papers and discussions on a 


wide variety of subjetes, 74 technical 
reports, a summary of the 


ASTM 6lst 


annual 


committe 
Annual 
of the 


administrative 


proceedings of the 


Meeting and the report 


Board of Directors on 


and financial matters of the Society. In 


addition, it lists all symposia and other 


separately as 
and all 


published in the 


special sessions published 


Special Teehnical Publications 


papers which were 


ASTM Bulletin \ 


is also ineluded. 


subject and author 


index 


Inter-reflections and Flux Distribu- 
tions in Lighted Interiors, by J. A. 
Lynes, Illuminating Engineering Society 


Street, 


(London), 32 
SW 1. 

The 
tions by the British Society, IES Mono 
method 
light 


Vietoria London, 


12 pages, paper bound, 5/64. 


first of a new series of publica 


graph No. 1 deseribes a for cal 


culating the distribution of due to 
multiple reflections inside a 
This 


augurated to publish original and funda 


room. 


monograph service has been in 


mental work on lighting fer which no 


suitable channel of publication had pre 


viously existed. Frequency of publica 


tion will availability of 


that 


depend upon 


suitable material. It is assumed 
there will be not more than two or three 


each year. 


Book covers for school books, available 
from Better Light Better Sight Bureau, 
Third Ave., New York 17, N. Y., 


750 
Continued on page 37A) 
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Distinctive Lighting at Modest Cost 
... for Interiors of All Types 


Legal Conference Room 


Rarely do you find a fluorescent lighting 
fixture that is truly distinctive. Occasion- 
ally, some measure of distinction is reached 
through appearance, lighting performance, 
or decorative effect produced. SABRE by 
Miller, however, achieves true distinction 
through a unique blend of all these virtues. 
And, it’s available at modest cost. 


SABRE is rapidly becoming one of the 
most wanted fluorescent fixtures in Amer- 
ica. Pictured are just a few typical interiors 
where it is already doing a superlative , 
lighting job. SABRE fits interiors of all ,, . ; Dental Office 
types — large or small, new or old. 


Styling with trim, crisp lines produces 
a sweeping effect and enhances decor .. . 
efficiency of 7414% means fewer fixtures 
needed per footcandle to make today’s 
high lighting levels possible . . . one-piece, 
wrap-around refractor of prismatic, crystal 
clear plastic provides sparkle, with com- 
fortable viewing from all angles. 


For a lighted demonstration, contact ye-r 
Miller representative. And, for full catalog 
information on this unique fixture write 
Dept. 8959, 


Furniture Store 


THE miller COMPANY + MERIDEN + CONN. 





APPLETON Industrial Lighting 


alzak* aluminum floodlights 
FOR STORAGE YARDS, ATHLETIC FIELDS, 
and other large areas 


The Intenso Alzak* Aluminum floodlight pro- 
vides high-intensity, trouble-free illumination 
year-round. Each light complete with 4-ft. cord. 
Available in 18” and 20” etched or polished re- 
flectors, 20° to 90° beam spread. For 750-1000 
or 1500 Watt PS-52 lamps and 400 Watt Mercury 
Vapor lamps. 


Split Second 
Rear Relamping 


No tools needed... No nuts or 
bolts! Rear lid with lamp opens 
wide for quick, easy access. 


Rifle Like Aiming 


After servicing, just flip lid down 
and clamp! Due to impregnated 
asbestos gasket seal, unit is now 
weatherproof. Exclusive louver 
ventilation eliminates condensa- 
tion. Aim by looking through peep- 
sight, then lock in position . 

horizontal and vertical locking 
degree calibrations in each unit 


*A proprietary term of 


Aluminum Company of America 


The correct light for every 
industrial application—including 
hazardous locations—backed 

by the technical excellence and 
experience of APPLETON'’S vast 
production facilities assures 

you of lighting products 
designed to meet your needs. 
Write for complete information 
today , APPLE TON— 
Standard for Beer Lighting 


‘ 2, 3, and 4-lamp fixtures 
‘ . +» Straight or angle 
. mounting 


explosion-proof 
fluorescent fixtures 


FOR HAZARDOUS LOCATIONS IN GRAIN MILLS, 
REFINERIES, CHEMICAL PLANTS, COLOR PRINTING 
PLANTS, PHARMACEUTICAL CONCERNS, ETC. 


Choice of “Pre-Heat,” “Slimline,” 
or “Rapid Start” ballasts. Designed 
for use with 40-Watt, 48”, T-12, and, 
85, 90, or 100-Watt, 60°, T-17 fluo- 
rescent lamps. End housings are 
cast aluminum with line connections 
made to a terminal biock in the 
junction chamber. 


—_—> 
Relamp from either end of the fixture . . . long 
lamp life, long ballast life without starters .. . 
quiet, flickerless operation . .. APPLETON fac- 
tory seal eliminates external seals normally 
required within 18” of arcing devices . . . These 
are quality features which give APPLETON 
“EFU” Explosion-proof fixtures their continually 


growing acceptance in all types of hazardous 
industrial applications. 


FLOODLIGHTS © REFLECTORS © DIFFUSERS © GROUP LIGHTS © HIGH MOUNTING FIXTURES 
STAKLIGHTS © WALK LIGHTS @ YARD LIGHTS ¢« SERVICE STATION LIGHTS 


Also Manufacturers Of: 


3A wow g 


Maileabie tron ST” Series Connectors 
Unilet Fittings 


Sold Through Franchised Distributors Only 


Outiet 
Boxes 


APPLETON ELECTRIC COMPANY 1712 Wellington Avenue Chicago 13, Illinois 
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Continued from page 34A 


for 
utilities. 


have been designed to be suitable 


electric 
the 


local distribution by 


The 


theme as the 1958 version, but have new 


new covers carry Same copy 


art-work and a new finish. Prices are on 


a sliding seale based on quantity. 





EW MEMBERS 


eeeeese 








Council 
1959, 


At the of the IES 
Executive Committee on July 23, 
the elected to 
ship. marked 
Member 


transfers 


meeting 


following were member 
transfers 
Names 


Student 


Names are 


from Associate Grade. 


marked 
Member 


are from 


Grade. 


ALABAMA SECTION 


iate Members 


i seve 
Ashbee J 
Mobile, Ala 
Bryars, H. R., 
Co Mobile 
Cain, E. M 
Ala 
Funderburk 
Ine 
James 


Ala 


( 20 S. Conception, Box 1211 


Economy Electric Construction 


Ala 
Jules L Mobile 


Brana Co., Ine 


Therlo, Palmer & Baker Engi 
Mobile, Ala 
Jr 1575 | 


neers 
Gurley Octavia Drive 
Mobile 
Henderson, C 
gomery Ala 
Ledbetter, M. P 
Ala 
Mathews, L. O., Jr 
ice, Mobile, Ala 
MeKinney, E. B 
bile, Ala 
Moss, A. J 
Ala 


Noland ¢ Ine Mont 


Turner Supply Co Mobile 


Mathews Electrical Serv 


Gregory-Salisbury Ine Mo 


General | Supp'y Co., Mo 
bile 


etric 


Vember 


Andrews, | I 
bile, Ala, 


Ntudent 


BLUENOSE CHAPTER 


Member 


Ralph, Union Ele 
Halifax, N. 8 


issociate 


Sadofsky 


Ltd 


Supply Co 


BUCKEYE CHAPTER 


Columbus & Southern Ohi 


Columbus, Ohio 


Members 
ead'e, H. E North An 
umbus, Ohio 
ck A ‘ 
Ohio 
>» eo 


lumbus 


Genera 


Grev L 

Ohio 
Electri 
imbus, Ohio 


Martin 


Kaufher 
Corp to 
Leahy, M 
Ohio 
Lubin 
Ohio 
Meintire, B 
1s. Ohi 
Mast, | 


Associates, Co 


Sims, Cornelius & Schooley 


imbus, Ohio 
ane, T. A 


Ohio 


Murt General Electric 


Co 


Supply Co 


imbus 


avueust 1959 
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* 1 THINK YOURE CARRYING THis 
EARLY AMERICAN DECOR TOO FAR /* 








Risler, H. } Electric 
Co., Columbus 
Schumm, H. ¢ 
lumbus, Ohio 
Smith, G. T., MeCleery (¢ 
Ohio 


Westinghouse 
Ohio 
Gould H 


Supply 


Avres & Assoc 


arpenter Electric Co 

Columbus 
Springer, D. ¢ 1 
Ohio 


527 Waltham Road, Col 


bus 
ILLINOIS 


CENTRAI CHAPTER 


issociate Member 


Wineke, J. W 
Architect 


Associate of George P 


Pekin, Ill 
KANSAS 


CENTRAI ( HAPTER 


Vembers 


issocwte 


Dorothy 8 Light 
Wichita, Kans 


The Southwe 


Kans 


Englebright Architectural 
ing, Im 
Green, J. D 


Wichita 


stern Electrical Co 


CENTRAL OKLAHOMA CHAPTER 


1 e200 Vembe 


Harris, William 
Co., Oklahoma 
Jones. ( W. dr 
Co 


iate 


Oklahoma FE) 
City, Okla 
Oklahoma Elk 
Okla 


Oklahoma City 


CHICAGO SECTION 


{xsociate 


Vembers 


Butler, ¢ M., Jefferson Electric 
Davies t B Transforms 


Advance 


cago 


cago 


Student 


Member 


Robert 
Ill 


Hotvedt 


bana 


(LEVELAND SECTION 


issociate Members 


Bentz 
Ohio 


Howard Jasnau 


Jennings, K. ¢ Union 


Ohio 


The 
Canton 


COASTAL hr MPIRE 


Asse Vembe 


ciate 

Cain, B. ¢ Ce 
vannah, Ga 
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COLUMBIA’S = 
No holes to match up in this system! 
No holes to drill in this system! 
All of the parts are automatic and adjustable. 
They can be readjusted or moved at any time 


without injuring the parts or requiring replace- 

ments. The complete simplicity of T-1000 makes —— 
for rapid installation...only a screwdriver and 

pliers are needed. T-1000 adapts readily to most 

diffusers you may desire although we think the 

9" x '¢” x 6” KoLtpBonp* Louver, as illus- 


trated below, is a perfect companion for T-1000. 


“Copyright 


THE FIRST UNIVERSAL’ 


Send for catalogued details and specifications today. 


COLUMBIA ELECTRIC 
& MANUFACTURING CO. 


DEPT. 1-8 * WM. 2310 Fancher Woy * SPOKANE 10, WASHINGTON 
1315 EAST THIRD STREET @ LOS ANGELES, CALIF 


COLUMBIA ELECTRIC CO., INC. . : HANGER PLATE 


"A" 


7900 SOVEREIGN ROW . DALLAS 35, TEXAS 
| T-RAIL CONNECTOR 


Member Eye Fidelity 


Lighting Group 








Rail is extruded aluminum 
with alumilite finish 


~ 
~~ 


~~ 
~ HANGER CLAMP \— 
é~ 
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HOW Ry ASSURES YOU BETTER BALLAST VALUE 


Heat measurement study under way at ETL 
for joint CBM-RLM-NEMA committee . . . 
aims to improve fixture and ballast heating conditions 
. assure better performance and service 


tt 17 


; 


This maze of wires above is needed to connect with thermocouples in fixtures, ballasts and other parts, so temperatures 
can be measured at different points. Screening shields break up drafts from air conditioning, help keep ambient constant. 


EW streamlined fluorescent fixtures, new high . . . With conformance to spec checked and certified 
output lamps and space-saving mounting by ETL. Naturally, CBM Ballasts are UL listed! 
trends have often brought higher channel ambient 


: Get the full story on why it pays to specify fluo- 
temperatures . . . and problems to user and installer ! , Base — 


rescent fixtures equipped with ballasts that are Cer- 
To deal with them, Certified Ballast Manufac- tified CBM. Write for: “To Insure Your Lighting 
turers led in setting up a joint technical committee Investment”, Certified Ballast Manufacturers, 2112 
with RLM and NEMA fixture makers. For this Keith Building, Cleveland 15, Ohio. 
group, ETL is measuring temperature at 50 different - 
points in representative fixtures, to try to pinpoint 
the part each of the lighted fixture components plays CERTIFIED 
in the total temperature rise. Already progress has CBM R 
been made... and more is expected. ALLAST 
But this is just one contribution by CBM toward area 
better ballast value. Behind it all is the CBM specifica- MANUFA CTURERS 
tion which assures quality performance, including: 2112 KEITH BUILDING 
Long lamp life + High power factor + Positive CLEVELAND 15, OHIO 
Starting Lasting service + Peak lighting performance e Participation in CBM is open to any manufacturer whe wishes te qualify 
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BETTER 
LIGHTING 
IS EASY 


TO INSTALL AND 
MAINTAIN WITH 
JOB - DESIGNED 

FIXTURES BY 


WHEELER >+ FULLERTON 


FIXTURES engineered by Wheeler-Fullerton anticipate your modern 
lighting needs and provide easy installation plus efficiency and low-cost 
maintenance. Whatever your lighting requirements you can depend on 
WHEELER-FULLERTON for maximum performance with economy. 


FOR ANY FOR ANY 
INDUSTRIAL INSTALLATION COMMERCIAL INSTALLATION 


POWER-LUME 


delivers twice the amount 

of lumen output per foot of lamp 

length. For medium to high mounting 
applications. 8 fixture provides maximum 
ote tiveness in light distribution, ease of in- 


STANDARD TROFFER—No. TR 240 KMH 


for individual or continuous row mounting. 
Panels are in 48” lengths presenting a neat 
appearance. “Magic Hinge” door provides 
easy access for relamping. Wide variety of 


stallation. Self-cleaning, easy maintenance 
shielding media available. 


STANDARD DOME DURATACH 


a quarter-twist removes the entire unit for 
easy maintenance of this durable 

porcelain enamel reflector with vented 
neck. Cutoff is 17'5° below the horizontal 
axis. Versatile Duratach reflector 

assembly fits any Duratach canopy 


SHALLOW SURFACE—"“LOWELL”’ 


modern design with plastic 
sides: solid or louvered shielding. Two, four 
and six lamps; rapid start for slimline. 


— Send for complete catalog 
WHEELER :+ FULLERTON Factories ot 
HANSON, MASS. 
NORWALK, CONN, 


. 
e 
2 
om 
* 
+ 
a 
2 
7 
> 
+ 
. 
7 
2 
+ 
> 
* 
a 
* 
= 
* 
. 
> 
s 
= 
+ 
. 
* 
o 
a 
aa 
° 
- 
. 
a: 
o 
. 
* 
> 
* 
7 





Lighting Division + Franklin Research Corp. 
275 CONGRESS STREET, BOSTON 10, MASS. 
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NEW upward revisions in RLM Specifications 
make it more important than ever to 


industrial lighting fixtures 





be sure to get the [R/LIM 
high fixture quality required to 
UP-LIGHT to the new higher J. [2.S. 





O Why is the =: Label 
today more important than ever in 


industrial operations? 


Because the *: 

stands for the highest 
certified quality standards for construction and performance in 
industrial lighting equipment. The recently published much 
higher Hluminating Engineering Society's Recommended 
Industrial Lighting Levels make quality equipment 
MORE IMPORTANT THAN EVER. The latest in illumination 
principles such as are assured by the RLM Label are vitally 
important to comfortable seeing at the new higher levels. 


Whot is the (=) SSP LNT 
=}, S(©.N a modern Up-Lighting Plan? 


A Send for the |’ ) NA] ‘ “Rs 
IGE2q) ze ‘J 1 RLM STANDARDS 
. hae : = INSTITUTE, INC. 





at 


326 W. Madison St., Suite 8238 
Chieage 6, Ili 


THIS COUPON IS FOR 
MEN WHO WANT 
ALL THE FACTS 


! 

I 

| 

| 

| 

j [_]} Please send the FREE 1959 

RLM Specifications Book and 

I : N Of (_] « copy of the new 1.E.S. 
3. Many upward revisions in Fluorescent Specs! | = Recommended Industrial 

I ’ 

| 

! 

! 

! 

| 

i 

& 


featuring these quality advances! 


1. A/] RLM incandescent units 
Now “ALL WHITE!” Effective July 1, 1959! 
2. New Uplight Incandescent units Specs! 


Ewa r J 4 = 


STANDARDS INSTITUTE 
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Provisions for Executone 
avdie-visual nurse call systems 








eof 
PLANNING! 
o 


At last you can plan for one, single, totallwantegt ted hospital bedroom 
service unit which incorporates at least ten di services normally 
‘installed separately. Designed and engineered by Sunbeaffl Lighting Company, 


CENTRON-/ conn modernly styled “package”, provides pieasant 
genePal jlumination, Shielded reading lamps, color-corrected, high intensity 
examination lam ight lights, convenience outlets, provisions to take audio-visual 


nurse call systems and oxygen and vacuum systems, T.V. lead-ins, phone 
outlets, and accessory intravenous apparatus support arm. 


THERE IS NO OTHER SYSTEM LIKE IT! 


The benefits and saving in reduced installation and maintenance costs, 

to say nothing about the convenience both to patients and hospital personnel, 
is so far reaching that CENTRON-/0 defies comparison. Write today 

for our 12-page brochure #FO for complete details. 





“OLD WAY™ requires of least 22 service lines and outlet boxes for two adjoining 
rooms. CENTRON-10 way requires only 8 service lines. Except for a console no 


SUNBEAM LIGHTING COMPANY outlet boxes ore needed. This soves up to $32.50 per bed in installation costs! 
777 East 14th Place, Los Angeles 21, California — 3840 Georgia Street, Gary, indiana 


Patents Pending 








EMPLOYMENT 
OPPORTUNITIES 











WANTED: 
EXPERIENCED 
FIXTURE 
DESIGNER 


Our Chief Designer, who has been 
with us for 20 years, is retiring. We 
need a man to replace him. As Chiet 
Designer vou would le responsible 
for design work on Commercial, In 
stitutional, Industrial, Custom and 
Bank luminaires 

Position also requires perspective 
drawings, including creation of orig 
inal designs, stylings supervision ol 
prototypes ind sore production 
lrawings 

If interested, please submit full ref 
erences along with samples and de 
scriptions of your present work 
All repl.es will be kept confidential 
Write to the EDWIN F. GUTH 
COMPANY {itention: Ed Guth 
Jr., President, P. O. Box 7079, St 
Louis 77, Mo 
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Ask for contemporar 
feels tslelslel mae liol, g 


of rep in your area 


s 


R.A. NV ANNINS 


P.O. BOX 643 SHEBOYGAN, WISCONSIN 


Cuts Labor Costs 

Eliminates Holes, 

Drilling, Tools 
Vv Speeds Installation 

Fully Adjustable — from 1'4” to 248” 
New #220 hangs fixtures, metal raceways, troughs, outlet 
boxes, etc.—faster and easier—on bulb-tee, tee bars, and 
other flanged structurals. Try them on your next job! 


HANG FIXTURES FASTER ON INVERTED 


T oe ACOUSTICAL CEILING 
3S 
# 


The #210 SNAPEE Grid Hanger snaps onto “’T” bar, slides 
into desired position and locks securely at right spot. Mount 
fixture in position, fasten wing nut, and the job’s done. 

— right on job 


FREE SAMPLE HANGERS + net a Pre nd Pay 220,210 Hangers! 


3 DANIEL WOODHEAD COMPANY 


15 WN. Jetterson St., Chicago, tlinois 


avuaust 1959 


ONLY THE LUMINOUS GLASS SHOWS 


in diameter. Holder permits the “Silverglo” bowl to con- 
ceal all metal parts—the bowl tilts on or off in a twinkle 
for easy cleaning. Write for catalog today. 

U. 8. PATENT NO, 645,184 


J. A. WILSON LIGHTING and DISPLAY, Inc. 


1500 Industrial Drive, Erie, Pennsylvania 
Dedicated to Iliumination through Science to Service 
PARAGRID-TILE ° LUVE-TILE . FLUORESCENT LIGHTING 


EXTERIOR 
LIGHTING 


for churches, public buildings 
institutions and hospitals 
® COPPER 


® STAINLESS 
e@ STEEL 


¢ Hinged doors for relamping 
e Variety of durable plated finishes 
¢ Styled for architectural harmony 


2490 EAST 22nd STREET CLEVELAND 15, OHIO 
Designers and Manufacturers... Since 1905 


$5A 





Announcing Gotham’s Recessed Open Reflec- 
tor Downlite Series with unique flangeless 
construction or surface trim. These units have 
Alzak reflectors which gather the “spill light” 
(ordinarily trapped and wasted by baffles) 
and redirects it into the more useful zones 
producing low-brightness units of extraordi- 
nary efficiency. Also available with black 
alumilite finish on reflector to completely 
eliminate brightness above 45° or with golden 
Alzak finish for warmer quality of light. 
Write for data: Gotham Lighting Corporation 


87-01 Thirty-first Street, Long Island City 1, New York 


. 


FLANGELESS CONSTRUCTION 


TRIM: LAMP: 


942 SURFACE 


952 FLANGELESS 150w/300w R-40 FLOOD LAMP 


CATALOG NO. 


944 SURFACE 


954 FLANGELESS 300w/500w R-40 MOGUL BASE FLOOD LAMP 


946 SURFACE 


956 FLANGELESS 30w R-20 REFLECTOR LAMP 


947 SURFACE 


957 FLANGELESS 75w R-30 REFLECTOR LAMP 


948 SURFACE 


958 FLANGELESs /°°¥ PAR-38 FLOOD LAMP 
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RELIABLE 
PRODUCT 


Sola ballasts guard your reputation 
with low in-warranty failure ratio 
and immediate replacement service 


Two-way reliability is an added bonus when you install, furnish, or 
specify Sola fluorescent ballasts. Records show in-warranty failures 
are remarkably rare. This product reliability and Sola’s unique in- 
warranty service plan guard your reputation. The plan assures that 
lighting users anywhere in the country get fast replacement in those 
few cases where in-warranty failure of a Sola ballast may occur. 


This plan is possible only because Sola’s all-CBM-certified ballasts 
are conservatively designed to surpass CBM performance standards. 
They incorporate engineered reserve tolerances that mean cool, effi- 
cient, trouble-free service and full, rated light output even past the 
warranty period. Thus, the engineer, fixture manufacturer, and con- 
tractor can be confident that the lighting buyer gets all the light he’s 
paying for with Sola-ballasted fixtures and lamps. Call your district 
sales engineer for the facts. Sola Electric Co. (A Division of Basic 
Products Corporation) 4633 W. 16th Street, Chicago 50, Illinois. 


SOLA BALLASTS 
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